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Oreat  and  sudden  changes  of  temperature. 

In  my  third  paper  (this  Journal,  vol.  x,  p.  10,)  I  called  atten- 
tioD  to  the  great  and  sudden  changes  of  temperature  which  fre- 
qaently  occur  in  some  parts  of  the  United  States,  and  noticed 
t  very  remarkable  case  which  occurred  at  Denver,  Colorado, 
in  January,  1875.  As  the  observations  for  this  month  at  all 
the  stations  of  the  Signal  Service  have  now  been  published,  I 
propose  to  examine  this  case  more  particularly,  and  also  to 
present  some  additional  tacts  connected  with  the  same  subject. 
My  third  paper  contains  tWD'i^dTles;  showing  for  each  station  of 
the  Signal  Service  for  the  years  1873  and  1874,  the  number  of 
cases  in  which  the  difference  between  the  maximum  and  mini- 
mom  temperatures  of  the  same  day  amounted  to  at  least  40^ 
I  have  extended  this  comparison  to  the  four  years  of  observa- 
tioDS  since  published  in  the  Annual  Reports,  and  find  118  sta- 
tions at  which  at  least  one  such  case  was  reported.  As  the 
table  is  too  large  to  be  published  entire,  I  have  retained  only 
those  stations  at  which  tne  average  number  of  cases  amountra 
to  at  least  six  annually.  The  following  table  exhibits  these 
stations  arranged  in  the  order  of  frequency  of  great  changes 
of  temperature.  Colunin  first  shows  the  names  of  the  sta- 
tions ;  column  second  their  latitude ;  column  third  their  longi- 

Am.  Joub.  8CI.--THIBD  Sbbibb,  Vol.  XX,  No.  115.— Jult,  1880. 
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tade  from  Oreenwich;  column  fourth  their  elevation  above 
the  sea;  columns  fifth  to  sixteenth  show  the  total  number  of 
cases  observed  in  each  of  the  months  of  the  year;  colamn 
aeveateentb  shows  the  aggregate  nujnber  of  cases  for  each  Bta- 
tion ;  column  eighteenth  shows  the  number  of  months  of  dbaer' 
vations  at  each  station  ;  column  nineteenth  shows  the  average 
number  of  cases  for  one  year ;  and  column  twentieth  shbwa  the 
annual  rain  fall  at  each  station  expressed  in  inches.  An  aste- 
risk shows  that  observations  for  the  month  indicated  are 
wanting. 

Diurnal  change  of  temperature  at  least  40'. 


Suilon. 

L*t. 

Long. 

Blev. 

1 

1 

i 

1 

* 

1 

g 

1 

i 

s 

i 

1 
10 

s 

s 

1 

8 

il 

Wickenhurg 

34-0 

m^ 

20E0 

3 

9 

13 

23 

~,» 

23 

21 

US 

11 

J7« 

160    4-99 

LsMeailU 

32-3 

108-8 

4000 

14 

12 

12 

IT 

B 

96 

11 

lOB 

356 

Campo 

32-4 

116'B 

2486 

3 

7 

12 

7,28 

78 

9 

104 

iS'Sa 

Tucson 

32-2 

IIO'S 

1898 

* 

5 

9 

* 

* 

B 

98 

13-03 

Pl«HCOtt 

34-5 

112-B 

6580 

8 

ao 

* 

12 

81 

10 

37 

13-81 

n-Oraig 

337 

1011 

4019 

4 

( 

2 

1 

47 

12 

47 

Colorado  Sp. 

38-9 

lOli-0 

6032 

23 

11 

12 

19 

3 

e 

117 

30 

47 

15-84 

Winnamucca 

410 

in-7 

a 

S 

6 

U 

7 

1 

43 

12 

43 

B-es 

UvBlde 

29'I 

0 

6 

6 

38 

11 

41 

33-31 

fienWQ 

«-9 

110-B 

2874 

7 

1 

36 

12 

36 

1M1 

Deaver 

39'1 

lOS'l 

G2G9 

20 

7 

10 

24 

16 

9 

29 

10 

11 

184 

69 

32 

1381 

Orahnm 

330 

98-5 

900 

1 

* 

IB 

e 

30 

I8-2S 

North  Platte 

411 

1009 

283S 

10 

7 

1 

4 

2 

I 

e 

11 

87 

42 

25 

28-71 

Visnlia 

36-3 

119-3 

348 

2 

22 

12 

10-49 

30-3 

98-7 

leu 

3 

6 

* 

* 

2 

13 

' 

23 

37-73 

StockWn 

30-8 

102-8 

4950 

2 

3 

I 

•• 

fi 

a 

19 

li 

31 

1463 

Conoho 

I00-3 

1760 

4 

1 

2 

ao 

la 

30 

33-88 

Camp  Vorde 

a4'4 

111 '9 

3160 

3 

7 

2 

18 

11 

20 

10-81 

Pilot  Point 

33-3 

96-8 

2 

1 

IS 

11 

It 

31-37 

Cheyenno 

41-2 

104'7 

60B7 

6 

2 

22 

22 

17 

6 

3 

99 

n 

13-BO 

Dodgo  L% 

37  8 

100-1 

2486 

4 

10 

2 

1 

10 

4 

61 

4S 

16 

24-87 

Umatilla 

45-9 

119-3 

461 

2 

IB 

11 

16 

8-38 

Florence 

33-0 

111-3 

2 

" 

6 

10 

a 

16 

7-18 

Ft  Sully 

44-6 

100-7 

1678 

3 

11 

10 

2 

12-16 

Ft.  Griffin 

32 '9 

99-3 

2 

12 

12 

11 

37-98 

Breckenridga 

46-2 

90-3 

988 

2 

4 

3 

6 

1 

10 

20 

B 

4 

68 

12 

38-67 

York  Factory 

57-0 

92-4 

&G 

8 

10 

1 

16 

H 

14-S4 

Bockliffe 

48-2 

77-7 

418 

i 

2 

3 

6 

1 

IS 

18 

10 

Tanklon 

42-7 

97 -E 

1275 

3 

9 

4 

46 

10 

28-63 

Pembina 

49-0 

971 

790 

S 

3 

S 

2 

2 

4 

10 

3 

G 

49 

62 

9 

2241 

BiBmark 

46'B 

100-0 

1706 

B 

1 

2 

a 

3 

4 

12 

2 

3 

33 

4B 

9 

18-37, 

Ft.  Garry 

40-9 

97  0 

154 

3 

2 

6 

3 

3 

3 

5 

2 

4S 

66 

8 

29-19 

OenevA 

42-9 

771 

5C7 

1 

b 

10 

IB 

8 

27  46 

Bmcketlville 

1026 

2 

2 

1 

7 

12 

1 

3618 

Chatham 

47-0 

4 

12 

1 

2 

5 

31 

M 

7 

4E-6T 

Parry  Sound 

4G-4 

80  a 

G35 

:i 

B 

2 

2 

1 

1 

4 

IS  34 

1 

40-44 

Of  the  thirty-six  stations  here  enumerated. About_haif_ai» 
'  situated  south  of  latitude  36°,  and  Ihese  are  the  stations  where\ 
..Jrbe  great  fluctuations  of  temperature  occur  most  frequentlyj 
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while  the  fluctuations  of  pressure  attending  the  pi  _ 

v^orms  of  the  middle  latitudes  are  but  little  felt     MoreoveTil 

[  will  be  noticed  that   these  great  fluctuations  of   temj 

^"^^nr  morft  frfyi"^"^^y  in  summer  than  in  winter,  "^ence  it 

may  be  inferred  that  the  principal  cause  of  these  fluctuations 

is  independent  of  the  progress  of  storms.     This  will  appear  if 

we  examine  the  cases  at  Wickenburg,  which  stands  at  the  head 

of  the  list     The  following  are  the  cases  in  which  the  diurnal 

change  of  temperature  at  Wickenburg  exceeded  60° : 

1877. 


Max. 

Mln. 

Dlff. 

Max. 

Mlo. 

DUr. 

July  27, 

106* 

42' 

64*^ 

1877. 

AuR.    1, 

109* 

37**  , 

72" 

28, 

no 

40 

70 

2, 

107 

43 

64 

29, 

106 

44 

62 

3, 

108 

44 

64 

30, 

106 

43 

63 

13, 

112 

46 

66 

31, 

106 

30 

76 

14, 

113 

50 

63 

Wickenburg  is  situated  in  a  desert  region  where  the  annual 
ndn-fall  is  only  five  inches;  where,  during  the  day,  the  sand 
becomes  intensely  heated  by  the  sun's  rays;  and  where,  on 
account  of  the  dryness  of  the  atmosphere  the  loss  of  heat  by 
radiation  at  night  must  be  about  as  great  as  at  any  other  point 
of  the  earth's  surface.  A  similar  condition  of  things  exists  at 
all  the  stations  named  in  the  table  south  of  latitude  85^ 

At  the  stations  further  north,  the  rain-fall  is  generally  small, 
and  the  air  is  ordinarily  very  dry.     This  remanc  will  apply  to 
all  those  stations  at   which  the  annual  number  of  cases  of 
these  large  fluctuations  exceeds  twelve     At  some  of  the  re- 
maining stations,  the  fluctuations  of  temperature  resulting  from 
die  prograss  of    great  storms   becomes   appreciable,  viz:    at 
Breckenridge,  York    Factory,   Rocklifle,  Yankton,    Pembina, 
Bismark,   Fort  Garry,  Geneva,    Chatham    and   Parry  Sound. 
Six  of  these  stations  are  situated  in  that  region  where,  after  the 
passage  of  a  center  of  low  pressure  with  its  high  temperature, 
the  cold  winds  from  the  north  rush  down  with  a  violence  un- 
known in  any  other  part  of  the  continent     It  appears  then  i 
that  the  most  remarkaole  cases  in  the  table  are  examples  of  the  , 
ordinary  diurnal  change  of  temperature  unaffected  by  the  pas-  / 
nge  of  storms ;  and  that  the  remaining  cases  are  to  be  ascribed; 
to  the  influence  of  storms  combined  with  the  ordinary  diurnal 
change  of  temperature. 

In  order  to  test  this  question  more  fully,  I  determined  the 
mean  diurnal  fluctuation  of  temperature  at  all  the  stations  of 
the  Signal  Service  west  of  the  meridian  of  90°  from  Green- 
wich. The  annual  reports  of  the  Signal  Service  show  the 
maximum  and  minimum  temperature  for  each  day  of  the  ye^r 
ior  each  of  the  stations  of  observation. .  I  determined  the 
average  of  the  maxima  for  each  month,  and  also  the  average  of 
ibe  minima,  and  called  the  difierence  the  mean  diurnal  fluctua- 
tion for  that  month.    When  there  were  observations  for  several 
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years,  I  took  the  average  of  the  nambera  obtained  for  the  ei» 
reepondiDg  months  of  the  different  yean.  The  following  tiUi 
BhowB  the  results  for  the  several  stations  arranged  in  the  lui 
order  as  in  the  preceding  table : 

Mean  diurnal  ftaotuation  of  temperaturt. 


BtMlOD. 

1 

4 

1 

1 

i 

1 

1 

1 

i_ 

1 

J_ 

-Widreobi.^ 

3e-o 

3G'G 

I9.7 

19-B 

3!-0 

^ 

s5-2 

409 

403 

42-0 

six 

l^MesUlB 

37-1 

36'6 

37-1 

36'D 

36-0 

aS'S 

28-3 

24-8 

33-2 

40-G 

ao-i 

Campo 

36'1 

Wtl 

iB-l 

23'4 

33-1 

3B-9 

4t'2 

47-7 

4G'0 

TUCBOQ 

38'1 

3e-3 

37-3 

36-6 

PrcBcoU 

39-2 

31 -b 

317 

33-4 

39'3 

32-9 

aee 

38-6 

3J-* 

Ft,  Craig 

26'8 

26'S 

30-8 

34-a 

34-7 

30'4 

28'4 

33-4 

33-8 

29-9 

31-4 

at-* 

Colorado  Sp. 

2fl(t 

28'7 

28-3 

30-0 

295 

32'4 

28-8 

39-1 

28-4 

28-7 

38-3 

30-J 

26't 

18-8 

32-e 

2fi-e 

38-4 

37-8 

33'9 

30-7 

34-4 

IS-t 

UvttldB 

28'* 

298 

28-7 

18-2 

33'S 

34-7 

30'7 

28-8 

31-7 

»t» 

BeutoQ 

a9'6 

308 

24-0 

3S1 

23-9 

24'3 

28'7 

251 

321 

29-0 

23'T 

u-t 

Denrer 

3S-9 

2B-0 

2T-8 

37s 

37-3 

30'3 

29-8 

39'8 

30-2 

38'G 

26-9 

IH 

Gmliam 

28-0 

33-7 

30-3 

33-e 

19-9 

23-7 

!4  7 

North  Platte 

U-i 

24'S 

25-0 

38-4 

221 

2S'l 

27-6 

34-9 

27  3 

28-4 

24-9 

lEi 

Tisalia 

16'B 

32-6 

2S-1 

33-3 

35'S 

380 

33-9 

381 

24-0 

IW 

31-7';  33-1 

31-2 

SI'S 

ss-i 

24' 1 

26-7 

Stockton 

2B-i|  33-6 

29-3 

31'3 

26-0 

38'1 

37 '4 

34-4 

26-0 

29-0 

IM 

CoDcho 

26-a  S8'B 

33-0 

365 

321 

31  ■* 

24 '3 

2S'4 

33-4 

S4-G 

2fi-4 

m. 

Camp  Verde 

28-0|  28i 

33'6 

29-9 

30-0 

84-0 

30-1 

PUot  Point 

24-1 

28-6 

3!!-S 

30-2 

310 

361 

30-6 

36'1 

29-4 

34-1 

26-3 

m 

Chejenne 

33'1 

23-0 

S4'9 

24-6 

26-! 

30'4 

30-4 

30'1 

29-3 

2B-0 

23-B 

13-1 

Dodge  City 

32'1 

24'5 

26-8 

36-2 

24-0 

34-41 

24-3 

32'9 

24-6 

26-3 

260 

34-1 1 

TTmatilla 

13'S 

16-0 

22-3 

28-3 

30-6 

29-8 

324 

27-3 

3G-0 

16-6 

lOil 

Flore  Dce 

281 

3?-9 

aea 

26-4 

32-3 

310 

34-3 

ni 

FtSuUy 

ai-a 

ii-T 

21-8 

24-3 

33-8 

26'7 

28'0 

38-4 

il-a 

3S-9 

31-li 

IH 

Ft.  Qriffia 

as* 

38-0 

sr* 

291 

26-9 

31-8 

2B-8 

25'2 

3e-3 

IS-S 

23-1 

IM 

Brookenriilgo 

ai-o 

31-3 

ai'7 

20-4 

23-8 

33-7 

33-8 

24-7 

24-7 

18-J 

M-4 

York  Factory 

ITO 

31-2 

IflT 

23-3 

24-8 

31-7 

16-3 

12-4 

IBT 

16-9 

Yaokton 

22-9 

31-8 

19-3 

23-2 

21'0 

20-4 

21-7 

23  0 

33-5 

33-T 

ai-0 

SM 

Pembina 

30-9 

Sl-1 

33-0 

23-7 

2e'3 

23-! 

24-9 

26-1 

a3-7 

23'0 

18-7 

ai-s 

Biamark 

IS-G 

19'« 

19-3 

29-3 

sa'i 

22-41  24-3 

2G-9 

24-7 

2S-3 

20-9  20-0  1 

Ft.  Garry 

20-1 

18-7 

23 -9 

23-1 

219    180  21-4  ' 

Uraekctvilk- 

■ii:i.2:.-'S  'n- 

-^■t-:i,  i-i-llL]!-;,;-'-^ 

■r.  i|  :^&-.i!  34'()i  Lit"  i_e-j_ 

This  table  shows  that  the  ordinttry  diurnal  Suctuation  ol 
temperature  at  the  more  southern  stations  is  enormously  grwt 
and  \n  some  places  exceeds  40°  for  months  in  succeaaioa 
There  can  be  no  doubt  that  this  fluctuation  is  mainly  due  t( 
the  direct  effect  of  the  sun'a  rays  durin)^  the  day,  combine! 
with  the  effect  of  radiation  at  night. 

In  order  to  study  the  same  phenomenon  in  a  dry  climate  ii 
a  different  part  of  the  world,  I  took  Barth's  Travels  in  Centn 
Africa.  1849-55.  IJr.  Bartb  started  from  Tripoli,  crossed  th 
Great  Desert  of  Africa,  goin^  south  to  latitude  9^°  N.  and  n 
turned  to  TripolL  During  tnis  journey  many  observations  c 
tbe  thermometer  were  made,  but  the  record  was  very  fragmei 
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toy  and  Mldom  incloded  both  earl;  moraine  ftod  mid-day. 

Vbe  following  are  the  only  cases  I  have  found  in  which  two 
[   cilnerrationB  of  the  same  day  diEFered  as  much  as  40",     The 

table  shows  the  date  of  observation  ;  the  temperature  observed ; 

the  difference  between  the  two  observations  of  the  same  day ; 

the  latitude  in  which  the  observation  was  made  and  the  eleva- 
'  tioQ  above  the  sea  as  accurately  as  can  be  determined  from  the 
i    published  maps  of  the  expedition : 

Temperature  in  Gentrai  AJ¥ica. 


i 

Dstc. 

r™p 

Biir 

Utl- 

l«ei.' 

D.». 

Temp 

.„. 

S£ 

AlU'a 
fwl. 

1860. 

IS&2. 

Jra 

IS.  S.15  1.  M. 

G°D 

41-B 

3°0  37 

631 

Jan.    28.     SunriBe. 

62-7 

40'B 

h  38 

900 

1         P.M. 

9I'fl 

93-2 

It   S         A.1L 

Noon. 

43-2 

66 

42 -B 

30  37 

631 

War.  23.     SuDrise. 

2         P.  M- 

68 
101'5 

43.B 

11  47 

830 

14.  5.30  A.  H 
Noon 

401 
82-4 

43 '3 

S8  10 

696 

April    1.     Sunrise. 

63 

ioe-2 

43'3 

II  40 

900 

15    5       A.  K. 

464 

63-0 

21  46 

921 

Not.  36.     'SunriBe. 

41 

12  66 

BBO 

3        P.M. 

109-4 

1.30  p.m. 

91 

Mj 

12.  6.1SA.M 

eB-3 

4r4 

35  37 

1436 

Dec.     6.     SiinriBe. 

47 

13     0 

900 

1        P.  K. 

1081 

•      1.30  P.M. 

94 

la  4.4S  A.  kL 

41-4 

3S  OB 

1319 

1863. 

LIS  P.M. 

106-8 

Aprilia.     SunriBe 

64 

44 

13   16 

r«- 

12.     SoKTue. 

43-7 

43-3 

18  13 

1B94 

3          P.M. 

108 

l.lEp.  X. 

86 

April  13.     Sunrine 

13   16 

ISSI. 

109 

Klr. 

18.     Bojuim 

64-4 

44-e 

12  47 

1360 

1865. 

1         P.M. 

109 

Juno  18.     SunriBO 

69 

19  42 

1000 

I8GS. 

3         P.  H 

109 

Jml 

7.     eunriee 

69 

4T4 

10  IB 

900 

1.30  P.  H. 

100-4 

These  observations  l)ear  an  obvious  resemblance  to  those  1 
made  in  Arizona,  and  show  that  in  a  very  dry  climate  the  I 
diaraal  fluctaations  of  temperftture  are  excessive,  and  aeem  to  I 
leave  no  doubt  that  this  is  tne  chief  cause  of  the  great  changes  I 
of  temperature  shown  in  the  table  on  page  2,  and  that  at  the  I 
more  northern  stations  this  cause  is  combined  with  the  fluctua- ) 
tiooa  which  result  from  the  passage  of  violent  storms.  ^ 

There  is  one  important  circumstance  of  which  no  account  I 
has  thas  for  been  taken,  viz :  the  extreme  suddennesa  of  the  1 
s  of  temperature  which  are  sometimes  experienced  and  of  I 
-    "  ^  ■*"    *"75.  J 


which   an    example   occurred   at   Denver,  January  15,  1875. 
What  is  the  cause  of  these  sudden  changes?     The  first  fact,  v' 
which  attracts  our  attention,  is  that  the  air  at  Denver  and  itej 
vicinity  is  ordinarily  very  dry.     Tfaio  will  appaar  ffom-tba-fob      > 


Si-tnblfr 
ftj  '*  ""  "'"•  -*-*^'-'"  "*  *^-  "'i^    '  p  — ■; ■  ■ -1— *-.t™  the 
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BUtloni. 

Ra- 
mid. 

40-3 

BUtloni. 

Ha- 
mid. 

62-3 

BtatlOM. 

Ba. 
■M. 

Pioche,  Nev. 

Dodge  City,  Kan. 

Vicksburg,  Miaa. 

69H^ 

Santa  Fe,  N.  Mex. 

42-4 
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PJnto  J  irhibiti  thi  i^mvii  of  agMftl-fektive  Immidity  for  the* 
statuMM  eaei  of -tbe' Socky  Mountains,  showing  that  on  the 
east  Aide  of  these  MotintStn^bere  is'' a'  tiarroVtr  belt  oTnE^hitoiy 
wh^re  the  mean  relatifc  hnw^lidit^'  is  less  than  ohe-%^|f|Huid 
there  is  a  belt  at  least  400  miles  wide  where  the  niean  Cuooldit^ 
is  less  than  two-thirds ;  and  m  advancing  easiffaid  we 'find  the 
humidity^to  increase  stfll  fUilhei.     What  is  the  cause  of  this 
dry  atmosphere  ?    Only  erne  explanation  seems  possibla    The 
westerly  winds  from   the  Pacific  Ocean  have   their  moistura 
mostly  condensed  in  passing  over  the  Sierra  Nevadas,  so  that 
between  these  Mountains  and  the  Rocky  Mountains,  the  air  is 
generally  extremely  dry.     By  passing  over  the  Rocky  Moan* 
tains  there  is  a  further  condensation  of  vapor,  so  that  when  the  i 
air  descends  on  the  eastern  side  of  these  Mountains  it  is  almost 
destitute  of  moisture.     The  vapor  which  comes  up  from  the 
Gulf  of  Mexico  is  diffused  over  the  Mississippi   Valley,  and  • 
mingles  with  the  dry  air  which  comes  from  beyond  the  Moon* 
tains,  so  that  the  dryness  of  the  air  rapidly  diminishes  as  we 
advance  eastward  from  the  Rocky  Mountaina 

In  order  to  determine  whether  the  sudden  changes  of  tempe- 
rature, sometimes  experienced  near  the  level  of  the  sea,  ever  re- 
sult from  the  sudden  descent  of  cold  air  from  a  great  height,  I 
have  made  an  extensive  comparison  of  the  observations  at 
Denver  and  Pike's  Peak.  The  mean  temperature  at  Pike*s 
Peak  is  80*8®  below  that  at  Denver,  and  the  diflference  of  elevi^ 
tion  is  8882  feet,  showing  a  fall  of  temperature  of  1°  for  an  ele- 
vation of  288  feet  This  represents  nearly  the  condition  ol 
equilibrium  of  a  vertical  column  of  the  atmosphere.  If  the 
air  at  Pike's  Peak  should  be  40^  colder  than  at  Denver  it  would 
tend  to  sink,  and  the  air  at  Denver  would  tend  to  rise.  I 
accordingly  selected  from  the  volumes  of  published  observa* 
tions  (Nov.  1878  to  Jan.  1875,  and  from  Jan.  1877  to  Mar 
1877)  all  the  cases  in  which  the  temperature  at  Pike's  Peak 
was  40°  lower  than  at  Denver.  The  number  of  these  cases  in 
twenty  months  of  observations  was  848.  Only  thirty-nine  of  these 
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occurred  daring  thie  seven  winter  months  of  observations, 
nd  they  occurred  most  frequently  in  the  month  of  May.  As 
bis  table  is  too  extensive  to  be  published  entire,  I  selected 
hoee  cases  in  which  the  temperature  at  Pike's  Peak  was  at  least 
S^  lower  than  at  Denver.  These  cases  are  exhibited  in  the 
oUowine  table,  where  column  first  shows  the  number  of  refer- 
ooq;  column  second  shows  the  date  of  the  observation.  [The 
^85  A.  IL  observation  is  denoted  by  the  figure  1  attached  to  the 
late ;  the  4.85  P.  M.  observation  by  the  figure  2,  and  the  11  p.  M. 
)b6erYation  by  the  figure  8.]  Column  third  shows  the  tempera- 
SQfe  on  Pike's  Peak ;  column  fourth  the  relative  humidity,  and 
solumn  fifth  the  direction  and  force  of  the  winds  on  Pike's 
Peak ;  column  sixth  shows  the  temperature  at  Denver ;  column 
eeventh  the  difference  between  the  temperature  at  Denver  and 
ibat  at  Pike's  Peak ;  column  eighth  shows  how  much  the 
prossare  at  Denver  differed  from  the  mean  pressure  for  the 
month;  column  ninth  shows  the  relative  humidity;  column 
teoih  the  (Erection  and  force  of  the  winds ;  and  column  elev- 
eoih  shows  the  direction  of  the  upper  clouds  at  Denver,  with 
the  amount  of  cloudiness  (estimated  in  fourths  of  the  visible 
heavens.) 

The  average  humidity  at  Pike's  Peak  at  the  time  of  these 
observations  was  sixty-two,  which  was  exactly  the  average 
homidity  for  the  entire  year  1878.  The  winds  on  Pike's  Peak 
geoerallv  blew  from  a  western  quarter,  and  in  only  nineteen 
cases  did  they  blow  from  any  eastern  quarter.  The  average 
Telocity  of  these  easterly  winds  was  twelve  miles  per  hour. 
The  fluctuations  of  the  barometer  at  Denver  were  generally 
miall,  being  sometimes  above  and  sometimes  below  the  mean ; 
bat  the  average  pressure  was  0*10  inch  below  the  mean.  The 
easterly  and  westerly  winds  at  Denver  were  almost  exactly 
eqaal  in  frequency,  but  the  velocity  of  the  west  winds  was 
more  than  double  that  of  the  east  winds.  The  upper  clouds  at 
Denver  were  almost  invariably  from  the  southwest  or  west,  and 
were  never  from  any  easterly  point,  and  the  average  cloudiness 
of  the  sky  was  more  than  one-hali  The  most  noticeable  cir- 
eumstance  exhibited  by  this  table  is  the  dryness  of  the  air  at 
Denver,  the  average  relative  humidity  being  only  fifteen  per- 
cent There  appears  to  be  only  one  possible  explanation  of  the 
BOQTce  of  this  dry  air,  viz  :  that  it  came  from  the  west  side  of 
the  Bocky  Mountains. 

The  facts  thus  stated  appear  to  show  that  at  the  dates  given 
in  the  preceding  table  there  was  seldom  any  extraordinary  dis- 
turbance on  Pike's  Peak.  In  two  cases  (Nos.  60  and  61)  hail 
iras  reported ;  in  four  cases  (Nos.  28,  82,  48  and  69)  sleet  was 
reported,  and  in  fifteen  other  cases  there  was  either  rain  or 
mow.     These  facts  seem  to  indicate  an  occasional  uprising  of 
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the  warm  air,  but  it  is  remarkable  that  bo  few  suoh  casea 
occurred,  and  it  will  be  noticed  that  a  diSerence  of  temperature 
of  at  least  45°  between  Pike's  Peak  and  Denver  often  contin- 
ued from  day  to  day  for  a  long  period.  In  Mav,  1874,  it  con- 
tinued for  sixteen  successive  days,  and  in  April,  1874,  it  con- 
tinued for  niDe  successive  days.  Hence  it  mav  be  inferred  that 
during  these  periods  there  was  no  general  upnsing  of  the  warm 
air,  anil  descent  of  cold  air,  I  think  we  may  hence  infer  that 
dry  air  even  when  greatly  heated,  has  but  little  ascensional 
Temperature  on  Jake's  Peak  higher  than  at  Denver. 
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force,  and  thai  the  violent  uprising  of  heated  air,  which  is  fre-  \ 
quently  witnessed  in  humid  climates,  especially  during  thunder  \ 
storms,  is  mainly  due  to  the  presence  of  a  large  amount  of  I 
aqueous  vapor.  J 

I  next  made  a  comparison  of  the  cases  in  which  the  tempe- 
rature at  Denver  was  lower  than  at  Pike's  Peak.  These  cases 
are  thirty-nine  in  number,  embraced  in  a  period  of  twenty 
months'  observations,  and  they  are  shown  in  the  preceding  table 
which  is  arranged  like  that  on  pages  8  and  9. 

It  will  be  noticed  that  thirty-one  of  these  cases  occurred  in 
the  month  of  January,  and  all  occurred  in  the  four  months 
from  November  to  February.  The  average  relative  humidity 
on  Pike's  Peak  at  these  dates  was  eighty-four,  and  at  Denver 
seventy-one.  On  Pike's  Peak  about  half  of  the  winds  were 
from  the  southwest,  and  none  of  them  were  from  any  eastern 
point  The  average  velocity  of  the  winds  waa  twenty-seven 
miles  per  hour.  At  Denver  the  wind  never  blew  from  any 
western  point,  and  its  average  velocity  was  only  four  miles  per 
hour.  At  Pike's  Peak  the  average  cloudiness  (counting  fog  as 
sky  entirely  overcast)  was  0*71 ;  and  at  Denver  0'86.  The 
barometer  at  Denver  was  sometimes  below  the  mean  and  some- 
times above  it,'  but  the  average  waOs  *06  inch  above  the  mean. 
One  of  the  most  noticeable  circumstances  exhibited  by  this 
table  is  the  humidity  of  the  air  at  Denver,  showing  that  this  air 
did  not  come  from  the  west  side  of  the  Bocky  Mountains,  and 
the  same  fact  is  indicated  by  the  observed  direction  of  the 
winds. 

We  thus  learn  that  during  periods  of  severe  cold  at  Denver, 
the  thermometer  is  frequently  lower  there  than  it  is  on  Pike's 
Peak,  and  hence  we  must  conclude  that  this  cold  did  not  result 
from  the  subsidence  of  air  from  the  upper  regions  of  the  atmos- 
phere. 

In  order  to  test  this  conclusion  more  fully,  I  selected  all 
those  cases  in  which  the  thermometer  at  Denver  sunk  as  low 
as  -f5®  from  November,  1878,  to  June,  1878,  and  the  lowest 
temperature  at  Pike's  Peak  for  the  same  date  was  entered  in 
the  same  table.  The  number  of  these  cases  was  ninety-nine. 
The  average  of  thQ3e  observations  at  Denver  was  —2 4®,  and 
the  average  at  Pike's  Peak  was  — 9*0®,  showing  that  it  was 
onhr  6*6°  colder  at  Pike's  Peak  than  at  Denver. 

Inext  made  a  similar  comparison  for  Mt.  Washington  and 
two  neighboring  stations.  I  selected  all  the  cases  from  Novem- 
ber, 1873,  to  June,  1878,  in  which  the  thermometer  at  Burling- 
ton, Vt,  sunk  as  low  as  -f  5°  and  determined  the  lowest  tempe- 
rature on  Mt.  Washington  for  the  same  dates.  The  number  of 
these  cases  was  145.  The  average  of  these  observations  at  Bur- 
lington was  — 2*7®,  and  at  Mt  Washington  — 18'9°,  showing 
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a  difference  of  16 '2°.  The  average  difference  of  tempera- 
ture of  these  stations,  as  determined  from  six  years'  obsenra- 
tions,  is  19'0^.  I  next  selected  all  the  cases  in  which  the 
thermometer  at  Portland,  Me.,  during  a  period  of  five  years 
sunk  as  low  as  +10°,  and  determined  the  lowest  temperature 
on  Mt.  Washington  for  the  same  dates.  The  number  of  these 
cases  was  111.  The  average  of  these  observations  at  Portland 
was  +8*2°,  and  at  Mt  Washington  was  — 19*7°,  showing  a 
difference  of  22*9°.  The  average  difference  of  temperature  of 
these  stations  for  a  period  of  six  years  has  been  19*7®.  If  we 
take  the  average  of  the  results  for  Burlington  and  Portland, 
we  shall  find  that  during  these  cold  periods  the  difference  of 
temperature  between  Mt.  Washington  and  the  level  of  the  sea 
was  identically  the  same  as  shown  by  the  daily  observations 
of  six  years. 

These  results  do  not  sustain  the  theory  which  I  formerly 
advocated,  that  periods  of  severe  cold  are  mainly  the  result  of 
cold  air  descending  from  the  upper  regions  of  the  atmosphere. 
The  high  temperature,  shown  on  Pike's  Peak  at  the  time  of  the 
observations  on  page  10,  appears  a]so  in  the  average  tempera- 
ture at  that  station  for  the  winter  months,  and  may  reasonably 
be  ascribed  to  the  heat  developed  during  the  winter  months  by 
the  condensation  of  vapor  on  the  Sierra  Nevadas  and  the 
western  slope  of  the  Rocky  Mountains. 

The  way  is  now  prepared  for  a  consideration  of  the  sudden 
changes  of  temperature  which  frequently  occur  at  Denver  and 
other  places  in  its  vicinity.  These  changes  occur  most  fre- 
quently in  the  months  of  November,  December  and  Januarv ; 
and  the  month  of  January,  1875,  was  specially  noticeable  for 
the  magnitude  and  suddenness  of  these  changes.  The  follow- 
ing are  the  principal  cases  which  occurred  in  the  last-men- 
tioned month.  January  8d  the  thermometer  fell  28°  between 
8  and  6  P.  M. ;  January  6th  the  thermometer  fell  8°  in  less 
than  thirty  minutes ;  January  8th  the  thermometer  fell  54®  in 
six  hours  from  1  to  7  A.  M.;  January  14th  the  thermometer  rose 
89°  in  thirty-five  minutes ;  January  15th  the  thermometer  fell 
48°  in  one  hour.  In  my  third  paper  (this  Joum.,  x,  p.  12)  I 
stated  the  principal  facts  relating  to  the  last  two  changes.  In 
order  to  study  this  feubject  more  fully  I  have  selected  from  the 
volumes  of  published  observations,  the  temperature  at  Denver, 
and  the  neighboring  stations  for  the  dates  of  the  three  regular 
observations  (7:85  A.  M.,  4:85  P.  M.  and  11  P.  M.)  during  the  period 
including  the  changes  above  mentioned.  I  have  also  added  a 
second  table  showing  the  relative  humidity  for  the  same  sta* 
tions  at  the  same  dates. 
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These  observations  show  considerable  changes  of  tempera- 
ture at  Denver,  but  they  do  not  show  the  entire  range  of  the 
thermometer,  and  they  give  no  adequate  idea  of  the  sudden- 
ness of  the  changes.  We  perceive  that  between  11  p.  M.,  Jan- 
uary 14th,  and  7  A.  M.,  January  15th,  the  thermometer  at  Den- 
ver rose  42^  We  also  perceive  that  the  relative  humidity  fell 
from  71  to  21.  The  wind,  which  had  previously  blown  from 
the  northeast  with  a  velocity  of  8  miles  per  hour,  at  9  P.  M. 
(Denver  time^  veered  suddenly  to  southwest  with  a  velocity  of 
12  miles  per  nour.  These  three  circumstances,  viz :  the  direc- 
tion of  the  wind,  the  dryness  of  the  air  and  its  high  tempera- 
ture, prove  beyond  doubt  that  this  air  came  from  the  west  side 
of  the  Rocky  Mountains.  On  the  previous  day  the  tempera- 
ture at  Salt  Lake  City  was  43°,  and  the  relative  humidity  was 
50®.  An  area  of  low  pressure  passed  over  San  Francisco,  Jan- 
uary 14th  about  4  P.  if.  During  the  following  night  the  center 
passed  near  Salt  Lake  City,  ana  at  4  p.  m.,  January  15th,  the 
center  was  near  Leavenworth,  having  traveled  about  1,400 
miles  in  twenty-four  hours.  It  was  this  storm  which  brought 
the  air  from  the  west  side  of  the  Bocky  Mountains  over  to 
Denver.  The  vapor  contained  in  this  air  would  be  mostly  pre- 
cipitated on  the  west  side  of  the  Bocky  Mountains,  so  tnat  it 
would  descend  on  the  east  side  deprived  of  its  moisture  and 
with  a  temperature  above  that  which  prevailed  in  the  Salt  Lake 
basin,  on  account  of  the  latent  heat  liberated  in  the  condensa- 
tion of  the  vapor.  This  warm  and  dry  air  supplanted  the  cold 
air  which  previously  prevailed  at  Denver,  ana  which  still  pre- 
vailed at  neighboring  stations  east  and  north  of  Denver.  -A- 
SMDJlay  abangi;  but  of  looo  mugpitudoy-ooeurieJ  at  OUejuuuiii  a 
iU|U  v^^f^*^  f)^p  iT^^^^g?  '^^  "^       ■"  ■■■*«»<'i-f|»  Dudge  City  md — 

^r"Thn  thf  nb^ung*^  Wftfl  still  less,  And  ^U-  ^^Uitiiuua  fuithm  ueitb 
the  obwiifa  waa  aaMwely  wppFeioififaler  After  the  center  of  low 
pressure  bad  passed  Denver,  the  northeast  wind  returned  and 
Drought  back  the  cold  air  which  had  constantly  prevailed  at 
stations  not  very  distant  A  eimiWr  nhange  ooourred  at  Chejr^ 
ennSi  apparently  at  about  the  same  bom.  Thus  we  see  that  m 
winter,  during  periods  of  extreme  cold  on  the  east  side  of  the 
Kocky  Mountains,  when  the  temperature  at  Denver  sometimes 
sinks  more  than  20°  below  zero,  there  prevails  in  the  Salt 
Lake  Basin  an  average  temperature  of  about  80** ;  and  when  by 
changes  of  atmospheric  pressure  this  air  is  carried  over  the 
mountains  it  may  reach  Denver  with  a  temperature  of  50**, 
resulting  from  a  precipitation  of  its  vapor  on  the  mountaina 
We  then  find  a  mass  of  air  having  a  temperature  of  +50**  in 
close  proximity  to  a  mass  of  air  having  a  temperature  of  — 20*, 
and  by  the  movements  of  the  atmosphere  attending  the  progress 
of  a  great  storm  these  different  masses  of  air  may  be  Drought 
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ily  over  the  same  station,  causing  a  change  of  tem- 
perature of  50^  in  a  single  hour. 

The  other  cases  of  sudden  change  2kmmmmmamKKlt/9if  admit 
of  similar  explanation. ^During  January  7th  there  was  a  great 
rise  of  the  thermometer  at  Denver,  accompanied  by  a  dry  wind 
from  the  southwest.  The  next  morning  the  thermometer  fell 
suddenly  with  a  wind  from  the  northeast,  which  brought  back 
the  cold  air  which  steadily  prevailed  at  stations  in  the  north. 
This  change  also  accompanied  the  progress  of  an  area  of  low 
pressure,  which  was  apparently  central  near  Virginia  City  on 
the  morning  of  the«7tb,  and  was  central  at  St.  Paul  on  the 
morning  of  the  8th.  This  storm  was  accompanied  by  similar 
changes  of  temperature  at  Virginia  City,  Cheyenne,  and  the 
other  stations  within  the  area  of  low  pressure,  but  at  none  of 
them  were  the  changes  as  great  or  as  sudden  as  at  Denver, 
for  the  reason  that  Denver  is  most  favorably  situated  for  feel- 
ing the  influence  of  the  mountains.  The  stations  of  the  Signal 
Service  which  are  nearest  to  the  dividing  ridge  of  the  Bocky 
Mountains  are  Denver,  Cheyenne  and  Virginia  City.  On  the 
West  of  Denver,  at  the  distance  of  only  40  miles,  rises  a  con- 
tinuous mountain  range  of  12,000  feet  elevation,  while  at  Chey- 
enne the  mountains  are  more  distant  and  of  less  height,  and 
near  Virginia  City  the  height  of  the  mountains  is  still  less. 

On  the  morning  of  January  8d  the  wind  at  Denver  blew  from 
the  West  with  a  velocity  of  12  miles  per  hour.  The  air  was 
warm  and  very  dry.  Between  8  and  5  P.  if.  the  thermometer 
fell  suddenly  with  a  north  wind.  Similar  changes  were  expe- 
rienced at  Virginia  City  and  Cheyenne,  accompanied  by  an  area 
of  high  pressure  pursuing  an  area  of  moderately  low  pressure. 
The  case  of  January  5th  was  more  remarkable  for  the  sudden- 
neas  of  the  change  of  temperature  than  for  the  magnitude  of 
the  change,  and  resulted  from  the  passage  of  an  area  of  slight 
barometric  depression. 

Barometric  minima  cross  the  Rocky  Mountains. 

In  former  papers,  particularly  Nos.  8  and  9,  I  have  shown 
that  areas  of  low  barometer  coming  from  the  Pacific  Ocean  fre- 
quently cross  the  Bocky  Mountains  and  travel  eastward  across 
toe  United  States.  In  order  to  investigate  this  subject  more 
folly,  1  selected  from  the  published  observations  of  the  Signal 
Service  (Sept.,  1872,  to  Jan.,  1875,  and  Jan.  to  May,  1877,) 
all  those  cases  in  which  the  barometer  at  Corinne  or  Salt  Lake 
City  was  at  least  0*4  inch  below  its  mean  height  for  that  month. 
[The  observations  at  Corinne  ceased  March  19, 1874,  and  those 
at  Salt  Lake  City  commenced  the  next  day.]  These  cases  are 
diown  in  the  following  table,  in  which  column  1st  gives  the 
nDmber  of  the  storm  ;  column  2d  the  date  of  the  observation ; 
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colamn  Sd  the  height  of  the  barometer;  column  4th  the  direction 
and  force  of  the  wind ;  column  5th  the  rainfall  during  the  pre- 
ceding 8  hours;  column  6th  the  direction  and  distance  of  the  low 
center  from  the  place  of  observation ;  column  7th  the  station 
where  the  low  center  first  made  its  appearance;  column  8th  the 
date  at  whicl>  the  low  center  reached  the  Atlantic  Ocean ;  col- 
amn 9th  the  latitude  of  that  point ;  and  column  10th  the  direc- 
tion and  force  of  the  wind  on  Pike's  Peak  at  the  date  given  in 
column  2d. 

It  will  be  noticed  that  the  highest  velocity  of  the  wind  at 
C!orinne  and  Salt  Lake  City  was  81  miles  per  hour,  and  the 
average  velocity  at  the  dates  mentioned  was  less  than  11  miles 
per  hour.  Southerly  winds  were  three  times  as  frequent  as 
northerly  winds.  In  only  six  of  the  cases  did  the  wind  blow 
from  any  eastern  quarter,  and  its  greatest  velocity  from  this 
quarter  was  four  miles  per  hour. 

The  amount  of  rain  or  snow  attending  these  storms  was  very 
small,  the  average  during  the  eight  hours  preceding  the  dates 
of  observation  being  less  than  0*05  inch.  In  eight  cases  rain  or 
snow  is  mentioned  in  the  column  headed  **  state  of  the 
weather,''  when  no  entry  is  made  in  the  column  headed  "  rain- 
faU." 

In  a  few  cases  the  low  center  appears  to  have  passed  directly 
over  the  station  of  observation,  but  generally  it  passed  a  little 
north  of  Salt  Lake,  and  in  no  case  did  it  pass  south  of  it.  Of 
the  twenty-nine  storms  here  enumerated,  the  stations  at  which 
the  first  indications  of  the  low  area  are  noticeable  are  as  fol- 
lows : 


PortUnd,  Or., 17  cases. 

PorUandf  Dr.,  ft  Virginia  City, .  3  cases. 
Portland,  Or.,  and  Fort  Benton,  1  case. « 
San  Fraocisco, 3  cases. 


San   Diego, 1  case. 

Port  Benton, 1  case. 

Bismark, 2  cases. 

FortSuUy, 1  case. 


In  twenty -one  of  these  cases  the  low  appeared  first  at  one  of 
the  stations  on  the  Pacific  coast,  and  we  may  reasonably  infer 
that  it  came  from  the  Pacific  Ocean.  In  four  other  cases  the  low 
appeared  simultaneously  at  Portland,  Or.,  and  Virginia  City  or 
tort  Benton,  and  it  is  probable  that  these  storms  came  from 
the  Pacific  Ocean,  but  came  from  a  latitude  north  of  50®,  so 
that  they  appeared  in  the  United  States  on  both  sides  of  the 
Bocky  Mountains  at  about  the  same  time.  There  remain  only 
four  cases,  viz :  Nos.  13, 20,  22  and  25.  In  these  cases  the  dis- 
turbance apparently  originated  on  the  east  side  of  the  Rocky 
Mountains  and  thence  extended  to  Salt  Lake  and  the  Pacific 
coast  In  none  of  the  cases  did  the  low  appear  to  originate 
between  the  Sierra  Nevadas  and  the  Rocky  Mountains. 

In  all  but  three  of  these  storms  the  low  area  can  be  traced 
to  the  Atlantic  Ocean,  which  it  reached  in  a  latitude  between 
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48®  and  50®,  averaging  about  47°.  No.  9  moved  northward 
beyond  our  stations  of  observation,  and  probably  reached  the 
Atlantic  Ocean  somewhere  north  of  lat.  50°.  No.  4  apparently 
moved  southward  toward  the  Gulf  of  Mexico.  Nos.  8  and 
28  apparently  declined  soon  after  the  dates  given  in  column 
2d,  and  cannot  be  satisfactorily  traced  to  the  Atlantic  Ocean.  • 
The  following  general  conclusions  seem  to  follow  from  the 
preceding  observations : 

1.  No  great  barometric  disturbances  originate  in  the  Salt 
Lake  Basin. 

2.  Nearly  all  the  great  barometric  disturbances  experienced 
in  the  Salt  Lake  Basin  come  from  the  Pacific  Ocean,  and  they 
generally  come  from  the  northwest. 

8.  Nearly  all  the  great  barometric  disturbances  experienced 
in  the  Salt  Lake  Basin  can  be  traced  to  the  Atlantic  Ocean. 
They  generally  meet  it  near  lat.  47°  and  occupy  from  two  to  six 
days  in  the  passage,  making  an  average  of  3^  days,  which  cor- 
responds to  a  movement  of  about  700  English  statute  miles 
per  day. 

There  is  a  noticeable  uniformity  in  the  direction  of  the  winds 
on  Pike's  Peak  at  the  date  of  the  preceding  observations.  The 
winds  were  generally  from  the  west  or  southwest,  and  in  no 
case  from  north,  northeast,*  east  or  southeast  The  average 
direction  of  tlie  winds  on  Pike's  Peak,  as  determined  from  the 
observations  of  five  years,  is  N.  75°  W.  The  average  of  the 
directions  in  the  preceding  table  is  S.  65°  W.,  differing  40°  from 
the  mean  direction.  This  result  indicates  that  at  the  time  of 
the  preceding  observations  there  was  some  cause  in  operation 
which  deflected  the  winds  from  their  average  course.  If  we 
suppose  that  the  abnormal  winds  on  Pike's  Peak  are  governed 
by  a  center  of  low  pressure,  acoording  to  the  same  law  as  the 
surface  winds,  then  we  may  infer  that  in  27  of  the  preceding 
cases  the  position  of  this  low  center  corresponded  nearly  with 
that  observed  at  stations  nearer  the  level  of  the  sea.  In  five 
of  the  cases  the  low  center  appears  to  be  somewhat  northwest 
of  that  observed  at  the  other  stations  ;  in  one  case  it  was  some- 
what north,  in  one  case  it  was  west,  and  in  two  cases  it  was 
east  of  the  low  center  observed  at  the  other  stations. 

These  results  accord  reasonably  well  with  those  found  in  my 
tenth  paper  for  Mount  Washington,  and  seem  to  indicate  that 
at  great  elevations  the  winds  occasionally  circulate  about  a  low 
center  as  they  do  near  the  level  of  the  sea ;  but' the  position  of 
this  low  center  at  the  height  of  14,200  feet  sometimes  differs 
considerably  from  the  low  center  prevailing  at  the  surface  of 
the  earth,  and  this  deviation  is  generally  toward  the  northwest 

There  are  three  methods  by  which  the  progress  of  areas  of 
low  pressure  across  the  Rocky  Mountains  may  be  readily  indi- 
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cated.  One  is  by  curves  representing  from  day  to  day  the  fluc- 
tuations of  the  barometer  at  the  various  stations,  as  shown  in 
Plates  I  and  II,  accompanying  my  ninth  paper.  These  curves 
indicate  distinctly  the  eastward  progress  of  low  areas,  but  they 
do  not  show  the  center  of  a  low  area,  and  therefore  do  not 
indicate  the  exact  path  of  the  low  center.  There  are  two 
methods  by  which  the  position  of  the  center  of  a  low  area  can 
be  traced  from  day  to  day,  viz :  by  isobaric  lines  or  isabnormal 
lines.  If  we  employ  isobaric  lines,  it  is  requisite  that  the  ob- 
servations at  all  the  stations  should  be  carefully  reduced  to 
sea  level,  and,  in  the  case  of  the  mountain  stations,  this  in- 
volves the  decision  of  questions  respecting  which  meteorolo- 
gists may  be  expected  to  differ.  But  after  reducing  the  obser- 
vations to  sea  level  by  any  of  the  methods  which  diflerent 
meteorologists  may  be  supposed  to  advocate,  we  still  find  evi- 
dence that  areas  of  low  pressure  frequently  travel  from  the 
Pacific  Ocean  across  the  Rocky  Mountains  and  thence  eastward 
toward  the  Atlantic.  The  isobars  drawn  to  represent  the  ob- 
servations at  the  mountain  stations  are  seldom  as  symmetrical 
as  they  are  over  a  level  country.  This  may  be  due  partly  to 
the  ol^tacles  which  the  mountains  present  to  a  system  of  cir- 
culating winds,  and  partly  to  the  influence  of  the  heavy  pre- 
cipitation of  vapor  upon  the  mountains.  In  many  cases,  how- 
ever, the  isobars  show  considerable  symmetry,  ana  this  is  most 
noticeable  in  very  violent  storms.  Plate  II  exhibits  the  isobars 
for  April  11,  1874,  at  4:35  P.  M.  This  is  a  storm  which  was 
noticed  in  my  ninth  paper,  and  a  map  was  then  given  showing 
the  isobars  for  April  12th  at  7:35  A.  M.  By  comparing  the 
two  maps  it  will  be  seen  that  during  this  interval  of  fifteen 
hours  the  isobars  retained  nearly  the  same  general  form,  and 
the  distance  between  the  two  low  centers  remained  almost 
exactly  the  same,  the  two  systems  of  isobars,  with  the  inter- 
mediate high  area,  having  been  transferred  eastward  about 
420  miles,  being  at  the  rate  of  28  miles  per  hour.  While,  how- 
f  ever,  the  second  low  center  followed  nearly  in  the  track  of  the 
first  low,  and  maintained  nearly  the  same  distance  during  the 
whole  time  of  crossing  the  United  States,  the  high  center 
moved  from  Lake  Superior  to  Norfolk,  Va.:  that  is,  from 
northwest  to  southeast,  maintaining  during  the  whole  time 
nearly  the  same  pressure. 

The  direction  of  the  winds,  April  11th  at  4:35  P.  M.,  west  of 
the  Mississippi  river,  corresponded  with  what  is  usually  ob- 
:  served  about  a  low  center,  with  the  exception  of  Portland, 
Or.,  and  Virginia  City.  The  latter  observation  seems  to  indi- 
cate that  the  center  of  the  low  area  was  further  north  than  is 
represented  upon  the  map ;  but  we  find  frequent  anomalies  in 
the  direction  of  the  winds  at  the  mountain  stations,  as  will  be 
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seen  from  tbe  map  which  accompanied  my  ninth  paper.  These 
anomalies  indicate  that  while  a  regular  system  of  circulating 
winds  may  prevail  above  the  tops  of  the  mountains,  this  system 
is  obstructed  in  the  valleys  between  the  mountain  ridges,  bo 
that  here  the  direction  oi  the  wind  may  be  opposite  to  that 
which  prevails  above  the  mountains. 

If  we  attempt  to  trace  the  progress  of  storms  across  the 
Rocky  Mountains  by  curves  of  isabnorraal  pressure,  we  have 
no  occasion  to  reduce  the  observations  to  sea  level ;  neverthe- 
less, when  we  aim  at  great  precision  we  find  a  difficulty  in  com- 
paring mountain  stations  with  stations  at  a  lower  level,  inas- 
much as  the  barometric  fluctuations  generally  diminish  as  we 
rise  above  the  level  of  the  sea.  In  order  to  find  what  correc- 
tion is  due  to  this  cause  I  determined  the  mean  monthly  range 
of  the  barometer  at  all  the  stations  of  the  Signal  Service  west 
of  the  Mississippi  river  according  to  the  published  observa- 
tions (now  amoanting  to  thirty-five  months).     The  following 

Mean  monthly  range  of  the  Barometer. 
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table  shows  the  results  obtained.  The  first  three  stations  are 
situated  near  the  Pacific  coast ;  the  next  seven  stations  are 
situated  among  the  mountains;  the  next  seven  stations  are 
situated  east  of  the  Rocky  Mountains  at  elevations  between 
1,000  and  8,000  feet ;  and  the  last  twelve  stations  are  elevated 
less  than  1,000  feet  above  the  sea. 

I  next  proceeded  in  the  manner  described  in  my  twelfth 
paper,  page  90.  I  determined  the  mean  annual  range  of  the 
oarometer  at  a  point  on  the  Pacific  coast,  and  also  the  range  at 
a  point  in  the  Mississippi  valley,  each  having  the  same  latitude 
as  one  of  the  mountain  stations.  Between  the  two  results  thus 
obtained  I  interpolated  a  value  corresponding  to  the  difference 
of  longitude  between  the  given  station  and  the  two  points 
above  named.  The  result  is  regarded  as  the  barometric  range 
at  the  level  of  the  sea  directly  under  the  given  station.  A 
similar  computation  was  made  for  each  of  the  mountain  sta- 
tions, and  the  ratio  of  the  observed  range  to  the  range  thus 
computed  was  determined.  This  comparison  indicates  that 
the  barometric  fluctuations  observed  at  oalt  Lake  City  should 
be  increased  by  8  per  cent,  and  those  at  the  other  mountain 
stations,  viz :  Virginia  City,  Cheyenne,  Denver  and  Santa  Fe, 
should  be  increased  by  25  per  cent  I  have  drawn  the  isab- 
normal  curves  for  a  large  number  of  cases,  employing  these 
corrections,  and  find  that  the  curves  are  generally  more  sym- 
metrical than  when  no  correction  is  applied. 

In  preparing  the  materials  for  this  article  I  have  been  assisted 
by  Mr.  Henry  A.  Hazen,  a  graduate  of  Dartmouth  College  of 
the  class  of  1871^ 


Art.  II. — On  the  Oeologtcal  relations  of  the  Limestone  Belts  of 
Westchester  County^  New  York  ;  by  James  D.  Dana. 

Westchester  County  is  comprised  within  the  Green  Moun- 
tain r^on ;  and  my  studies  of  the  County  have  been  carried 
on  with  special  reference  to  the  subject  of  Green  Mountain 
geology.' 

In  commencing  my  observations  in  Western  New  England,  I 
had  in  view  the  lollowing  points : 

(1)  To  determine  the  limits  of  the  series  of  rocks  associated 
conformably  with  the  limestone  of  the  Green  Mountain  region  ; 
and  (2),  since  the  limestone  is  of  Lower  Silurian  age  as  is 
shown  by  its  fossils,  to  determine,  consequently,  the  limits  of 
the  Lower  Silurian  in  the  Green  Mountain  region. 

(3)  To  ascertain  the  kinds  of  metamorphic  rocks  constitu- 

'  Fop  my  former  papers,  see  this  Journal,  third  Series,  iv,  362,  450,  604;  v,  47, 
84;  yi,  257,  1872,  1873;  xiii,  332,  406;  liv,  36,  132,  202,  267,  1877;  ivii,  376; 
aDdzTiii,  61,  1879;  xix,  191,  1880. 
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ting  these  Lower  Silurian  beds ;  and  (4),  to  ascertain,  conse- 
quently, how  far  the  kinds  of  crystalline  rocks  found  in  the 
conformable  series  can  be  used  as  a  test  of  geological  age. 

As  the  fossils  of  the  limestone  had  been  discovered  only  in 
Vermont,  it  was  required,  in  order  to  extend  the  conclusions  to 
the  rest  of  the  Green  Mountain  region,  that  the  Vermont  lime- 
stone should  be  proved  to  be  the  same  stratigraphically  with 
that  of  the  region  to  the  south ;  and  this  was  done  by  ascer- 
taining (1)  the  essential  continuity  of  the  limestone  from  the 
north  to  the  south  and  south-southwest,  and  (2)  its  association 
with  similar  rocks  from  north  to  south,  under  similar  strati- 
graphical  relations ;  and  finally  (3),  by  the  discovery  of  Lower 
Silurian  fossils  in  the  part  of  these  belts  of  limestone  that  reach 
into  and  beyond  Dutchess  County,  and  also  in  the  associated 
Taconic  schists  of  that  County.* 

By  these  means,  it  has  been  shown  that  the  schists  of  the 
Taconic  range,  the  limestone  belts  on  either  side,  and  various 
conformable  schistose  rocks  and  limestone  belts  farther  cast 
and  west,  are  comprised  within  the  Lower  Silurian  formation, 
and  that  the  whole  series  was  displaced  together  in  the  upturn- 
ing and  metamorphism  by  which  the  Green  Mountains  were 
made. 

The  demonstration  in  my  former  papers  does  not  reach  into 
the  region  south  of  the  limits  of  Dutchess  County  and  of  the 
corresponding  parallel  in  Connecticut  I  present  now  observa- 
tions on  the  same  points  from  this  more  southern  region  in  the 
State  of  New  York,  leaving  the  discussion  of  the  facts  from 
Connecticut  for  another  paper.  I  have  not  undertaken  to  work 
up  thoroughly  Westchester  County  geology,  but  simi)ly  so 
much  of  it  as  bears  directly  on  the  great  question  in  view. 

In  my  paper  **0n  the  Hudson  River  age  of  the  Taconic 
Schists,"  published  in  this  Journal  in  1879,  the  accompanying 
map  exhibits  the  fact  that  the  Lower  Silurian  schists  and  lime- 
stones of  Dutchess  County  have  their  southern  limit  against  or 
among  the  Archeean  rocks  of  the  Highland  range.  The  High- 
land Archaean  area  extends  eastward  from  the  Hudson,  over 
Putnam  County,  to  a  distance  less  than  twenty  miles,  falling 
short  of  the  New  England  boundary  by  four  or  five  miles — 
the  rocks  at  Brewster,  west  of  and  along  the  Harlem  railroad 
being  of  the  Highland  character,  even  to  the  existence  of  a  great 
iron-ore  bed,  while  those  farther  east  are  mostly  distinct  in  kind 
and  system.  The  extreme  breadth  of  the  area  is  about  fifteen 
miles;  but  the  outside  rocks,  just  referred  to,  send  prolonga- 
tions through  its  supposed  boundary,  and  cover  part  of  its 
interior. 

«T.  NelsoQ  Dale,  this  Journal  ivii,  57,  18T9;  the  writer,  ibid.,  xvii,  375,  and 
xviii,  61,  1879;  W.  B.  Dwight,  ibid.,  xvii,  389,  and  xix,  50,  451,  1880;  R.  P. 
Whitfield,  ibid.,  xviii,  227,  1879. 
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Westchester  County  comprises  all  of  Southern  New  York 
between  Putnam  County  and  New  York  Island ;  and  thus  it 
borders  the  southern  side  of  the  Putnam  County  Archaean,  as 
Dutchess  County  does  the  northern.  It  resembles  in  its  rocks 
that  part  of  the  Green  Mountain  region  which  now  makes 
Western  Connecticut.  New  York  Island  is  topographically 
and  geologically  a  portion  of  it. 

The  only  published  geological  reports  treating  of  the  Geology 
of  the  county  are  that  of  Mather,  in  his  Keport  on  New  York 
(1843),  and  that  of  Percival  on  the  Geology  of  Connecticut 
(1842).  Mather  mentions  the  principal  kinds  of  rocks,  various 
localities  for  those  that  are  of  special  or  economical  interest, 
and  some  stratigraphical  facts.  Many  localities  of  limestone 
are  given,  and  I  have  thence  derived  much  aid  in  the  study  of 
the  region.  On  his  map  the  positions  of  several  of  the  areas 
are  laid  down,  but  mostly ,with  miles  of  inaccuracy.  The  re- 
port bears  evidence  of  being  compiled  from  the  notes  of  the 
assistant  geologist  by  one  not  familiar  with  the  region.  Perci- 
val's  map  of  Connecticut  gives  the  areas  which  lie  near  the 
Connecticut  boundary,  with  the  general  correctness  character- 
istic of  his  work. 

In  presenting  my  observations  I  will  speak  Jirst^  of  the 
rocks ;  secondly,  of  the  general  distribution  of  the  limestone 
areas  or  belts ;  thirdly,  of  the  special  positions  and  stratigraphy 
of  the  limestone  areas ;  and  fourthly,  of  the  relations  of  the 
rocks  to  one  another  and  to  the  Green  Mountain  system. 

I.  The  Rocks. 

The  rocks  are  (1)  the  ordinary  metamorphic  rocks  of  the 
County,  not  calcareous;  (2)  Calcareous  rocks  or  limestones; 
(3)  Serpentine  and  other  hydrous  materials;  (4)  Augitic  and 
Hornblendic  rocks  not  included  above. 

(1.)    Ordinary  metamorphic  rocks  of  the  County,  not  Calcareous, 

Of  these  metamorphic  rocks,  the  prevalent  kinds  are  mica- 
ceous gneiss,  mica  schist,  ordinary  gneiss,  and  hard  felds- 
pathic  and  granitoid  gneiss.  Besides  these,  and  subordinate  to 
them,  there  are  hornblendic  varieties  of  mica  schist  and  mica- 
ceous gneiss,  and  hornblende  schist.  Granulyte  is  also  found, 
especially  in  the  northeastern  part  of  the  County,  and  in  some 
places  metamorphic  granite. 

In  the  mica  schist  and  gneiss,  both  of  the  two  common 
kinds  of  mica,  the  black  (biotite)  and  the  light-colored  (musco- 
vite)  are  usually  present  together;*  but  the  black  greatly  pre- 
dominates.    True  muscovite  gneiss  or  muscovite  mica-schist  is 

*  The  black  may  be  in  part  lepidomelane,  a  point  not  investigated,  as  it  requires 
a  series  of  chemical  analyses. 
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of  rare  occurrence.  Blackish  gray  beds,  owing  their  dark  color 
to  the  very  large  proportion  of  black  mica,  often  alternate  with 
whitish  or  light-colored  beds  in  which  muscovite  is  the  most 
abundant  mica.  Frequently,  also,  mica  schist  graduates  into 
gneiss  in  the  direction  of  the  bedding  as  well  as  transverse  to 
it.  The  distinction  of  gneiss  from  mica  schist  is,  therefore, 
made  often  with  difficulty,  and  the  restriction  of  the  latter  term 
to  kinds  consisting  of  mica  and  quartz  without  feldspar  is  im- 
practicable. The  rocks  of  New  York  Island  are  good  exam- 
ples of  the  ordinary  rocks  of  Westchester  County,  both  as  to 
kinds  and  their  transitions. 

Garnetiferous  varieties  of  the  mica  schist  and  gneiss  are  com- 
mon. A  variety  of  micaceous  gneiss  in  Singsing,  contains 
large  elliptical  crystallizations  of  muscovita  A  cyanitic  mica 
schist  is  met  with  on  New  York  Island,  as  announced  by  Pro- 
fessor D.  S.  Martin.*  A  dark  gvhy  fiirolitic  gneiss,  containing 
some  tourmaline  has  been  described  by  Professor  A.  A.  Julien, 
as  occurring  at  New  Rochelle.*  (The  minerals  cyanite  and 
fibrolite  are  alike  in  composition,  they  being  chemically  similar 
aluminum  silicates,  and  aiffering  only  in  crystallization.) 

Hydromica  schist,  of  the  slightly  crystalline  variety,  resem- 
bling closely  a  glossj'  roofing  slate,  occurs  in  the  northwestern 
part  of  the  County,  north  and  northeast  of  Peekskill,  on  the 
borders  of  the  Archaean  of  the  Highlands.  It  is  called  talcose 
slate  by  Mather.  Nothing  nearer  to  argillyte  (phyllyte)  is 
found  in  the  County.  Across  the  Hudson  River,  in  Rockland 
County,  in  the  continuation  of  the  same  stratum,  near  Tomp- 
kins* Cove,  the  slate  is  very  carbonaceous,  as  Mather's  report 
states,  and  much  of  it  is  still  less  metamorphic  in  its  aspect. 

Quartzyte  constitutes  a  stratum  several  hundred  feet  thick  in 
the  vicinity  of  the  hydromica  schist,  north  of  Peekskill,  as 
pointed  out  by  Mather.  But  a  large  part  of  the  rock  in  that 
region  contains  more  or  less  feldspar,  and  often  also  mica  in 
rather  indistinct  grains ;  looking  either  like  an  underdone  mica- 
less  granite  or  granitoid  gneiss.  It  is  usually  much  jointed  and 
without  distinct  bedding.  The  northern  part  of  the  mass,  at  the 
mouth  of  the  river  north  of  Peekskill,  is  a  true  siliceous  quartz- 
yte, fine-grained,  and  even  in  bedding;  while  on  the  southern 
side  it  graduates  into  the  slate.  It  thus  varies  greatly  in  consti- 
tution, but  in  a  way  to  make  it  certain,  that,  although  so  feld- 
spathic  in  portions,  the  whole  of  it  is  one  quartzyte  forma- 
tion. Furtner,  it  is  evident,  from  the  facts,  that  the  quartzyte 
and  slate  are  stratigraphically  the  same  rock ;  one  changing  to 
the  other,  and  taking  the  same  positions  with  reference  to  an 
associated  stratum  of  limestona     In   the  Rockland    County 

*  Proc.  Lyceum  Nat.  Hist.  New  York,  i,  and  this  Journal,  IT,  iv,  237. 

*  Amer.  Quart  Micr.  J.,  JazL  1879. 
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continuation  of  the  formation  (which  extends  for  about  two 
miles  from  Tompkins'  Cove  to  Stouv  Point  village,  where  the 
Mesozoic  Red  sandstone  appears  in  lorce),  the  slate  changes  in 
places  to  a  massive  quartzjte,  often  containing  much  blackish 
slate  material,  and  looking  as  if  it  had  been  made  out  of  a  mix- 
ture of  mud  and  quartz  sand,  with  at  times  some  feldspar.  Re- 
membering that  the  making  of  beds  of  sand  by  moving  waters 
involves  the  making  of  mud  not  far  away,  such  transitions  are 
no  occasion  for  surprise ;  and  in  view  of  the  fact  that  the  High- 
land ArchsBan  is  close  at  hand — not  three  miles  distant — the 
presence  of  feldspar  is  intelligible. 

A  bed  consisting  chiefly  of  radiated  actinolite  occurs  west  of 
Kingsbrtdge,  north  of  the  Harlem  River.  It  is  so  deeply  de- 
composed at  the  exposure  that  I  failed  to  obtain  a  specimen 
from  the  unchanged  bed.  The  looseness  of  texture  shows 
that  something  has  been  removed,  and  this  is  probably,  in  part 
at  least,  calcareous  material ;  and  if  so  the  bed  should  be 
classed  with  the  limestone  beda  This  locality  is  by  the  west 
side  of  the  eastern  of  two  bridges,  near  the  Spuyten  Duyvil 
Iron  Foundry,  and  stratigraphically  but  a  short  distance  from 
the  belt  of  limestone  of  the  northern  end  of  New  York  Island. 

The  metamorphic  strata'stand  every  where  at  a  high  angle — 
seldom  under  40°,  very  frequently  above  80°.  The  bedding, 
while  generally  regular  in  its  strike  or  direction,  is  often  contor- 
ted, especially  to  the  east  and  north,  showing  that  much  torsion 
accompanied  the  upturning.  As  usual  elsewhere  in  metamor- 
phic r^ions,  the  limestone  beds  (owing  to  the  stiff  unpliant 
nature  of  limestone)  are  at  times  very  virions  in  strike  when 
the  schists  of  the  vicinity  have  the  bedding  even  or  nearly  so. 
This  great  amount  of  torsion  has  a  sufficient  explanation  in  the 
fact  that  Archaean  rocks  bound  the  County  on  the  north  ;  and, 
moreover,  along  the  northern  half  of  the  County  they  are  not 
far  distant  to  the  west  of  Hudson  River,  not  a  dozen  miles 
intervening  in  the  latitude  of  Singsing.  No  true  unconforma- 
bility  between  the  limestone  and  other  strata  has  been  ob- 
served, though  local  cases  of  non-conformity  occur  that  are  due 
to  the  contortions  and  accompanying  faults. 

Granite  veins  are  common  both  in  the  gneiss  and  mica  schist, 
though  most  numerous  in  the  former ;  and  they  are  often  of 
very  large  size.  They  usually  consist  of  coarsely  crystallized 
orthoclase  and  quartz,  with  some  muscovite-mica  and  albite  or 
oligoclase.  Black  mica  is  often  sparingly  present,  and  some- 
times prominently  so;  and  when  present  the  plates  are  fre- 
quently of  oblong-rectangular  outline.  The  most  common 
accessory  minerals  are  garnet  and  black  tourmaline;  beryl  or 
columbite  I  have  not  found.  As  in  other  regions  of  highly 
crystalline  metamorphic  rocks,  veins  of  quartz  are  not  common. 
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The  rock  that  adjoins  a  belt  or  stratum  of  limestone  is  com- 
monly a  mica  schist  or  micaceous  gneiss  in  which  black  mica 
abounds ;  or,  at  times,  homblendic  varieties  of  these  rocks,  or 
else  hornblende  schist;  and  the  beds  are  not  unfrequently  pyri- 
tiferous.  But  the  rock  may  also  be  ordinary  gneiss,  or  a  light- 
colored  feldspathic  gneiss  ;  or  it  may  consist  of  intercalations  of 
these  with  the  more  micaceous  kinds  ,  and  in  the  northeastern 
part  of  the  County  it  is  in  some  places  granulyte.  More  re- 
mote from  the  limestone  strata,  the  rock  is  generally  less  mica- 
ceous, and  either  ordinary  gray  gneiss,  or  hard  feldspathic  and 
thick-bedded  gneiss. 

This  association  of  the  limestone  with  rocks  containing  much 
black  mica  or  hornblende  is,  in  fact,  association  with  rocks  con- 
taining much  iron: — an  association  which  exists  in  similar  cases 
throughout  the  Green  Mountain  region,  and  corresponding  re- 
gions in  the  State  of  Pennsylvania  and  othei-s  farther  to  the 
southwest ;  as  is  indicated  by  the  rusting  tendency  of  the  schists 
in  the  vicinity  of  limestone  beds,  and,  still  more,  by  the  occur- 
rence of  great  limonite  beds  made  from  the  iron  of  the  lime- 
stones and  adjoining  schists. 

Furthermore,  this  quality  of  these  metamorphic  schists  is  a 
consequence  of  the  ferruginous  character  of  the  original  sedi- 
mentary beds  underlying  or  overlying  the  limestone  strata. 
The  iron  of  those  sediments  went,  for  the  most  part,  at  the 
time  of  metamorphism,  to  make  the  black  iron-beanng  mica  or 
hornblende,  the  rest  of  it  entering  mainly  into  pyrite  and, 
sometimes,  garnet.  The  distinction  between  these  schistose 
micaceous  rocks  and  ft  hard  thick-bedded  feldspathic  gneiss  is, 
to  a  large  degree,  therefore,  the  equivalent  of  that  in  regions  of 
sedimentary  rocks  between  highly  ferruginous  and  slightly  fer- 
ruginous beds,  and  hence  it  is  not  necessarily  of  much  geo- 
logical importance.  This  fact,  which  is  abundantly  established 
by  the  frequent  abrupt  gradations  in  such  rocks  from  extreme 
micaceous  to  feldspathic  kinds,  teaches  that  it  is  unsafe  to  infer 
from  the  looks  or  composition  alone,  that  the  hard,  gray  feld- 
spathic gneisses  are  really  the  more  ancient  Moreover,  the  pre- 
ponderance, in  such  schists,  of  biotite  over  muscovite  is  not  due 
to  a  deficiency  of  potash  in  the  original  sediments,  for  each  is  a 
potash-mica,  and  contains  ordinarily  8  to  9  per  cent  of  the 
alkali,  or  three-fourths  of  the  amount  that  exists  in  a  potash 
feldspar;  but  chiefly  to  the  presence  of  iron.  Hornblende 
has  been  formed  where  iron  existed  without  enough  of  potash 
for  making  mica.  The  facts  also  show  that  the  foliation  of 
such  gneisses  is  a  consequence  of  the  original  bedding. 
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(2.)   Calcareous  Rocks, 

The  limestone  of  the  County  is,  in  general,  coarsely  crystal- 
line, and  of  a  white  to  grayish-white  color,  and  in  many  places 
it  is  quarried  for  use  as  an  architectural  marble.  But  m  the 
northwestern  part  of  the  CJounty,  in  the  vicinity  of  the  Ar- 
ch»aD,  it  is  feebly  crystalline,  and  in  part  has  the  gray  color  and 
texture  of  the  unaltered  rock.  The  absence  of  crystallization 
is  so  marked  in  the  part  of  the  northwestern  belt  which  occurs 
on  the  west  side  of  tne  Hudson  Biver,  at  Tompkins'  Cove,  that 
much  of  it,  especially  in  the  western  beds  toward  the  Archaean, 
is  like  ordinary  gray  and  unaltered  limestone,  so  that  if  the  rock 
is  without  fossils — a  point  yet  to  be  made  certain — the  reason  is 
not  their  obliteration  by  metamorphism. 

According  to  the  few  analyses  that  haVe  been  published,  the 
rock  is  a  magnesian  limestone  or  dolomite.  Iron  replaces  in 
some  beds  a  portion  of  the  magnesium  ;  and  when  so  the  blocks 
of  '*  marble"  show  it  by  becoming  rusty  in  color  after  exposure. 
Iron  is  not  unfrequently  present  also  in  pyrite  (FeS,)  another 
source  of  rust  and  destruction,  and  less  frequently  in  pyr- 
rhotite  (Fe,S,) ;  chalcopyrite  (or  copper  pyrites)  is  of  occasional 
occurrence.  Scales  of  mica,  mostly  of  the  species  muscovite, 
are  often  distributed  through  the  beds,  and  such  micaceous 
limestones  graduate  in  many  places  into  calciferous  mica  schist. 
The  calcium -magnesium  silicate,  tremolite  (or  white  horn- 
blende) is  very  common  in  bladed  crystals  and  fibrous  or 
asbestiform  masses,  and  sometimes  is  the  chief  constituent  of  a 
bed.  Green  hornblende  in  minute  rounded  crystals  are  occa- 
sionally found  disseminated  through  the  limestone  ;  and  radia- 
ted actinolite  is  at  times  a  constituent,  if  the  bed  referred  to  on 
page  25,  is  really  a  calcareous  one.  White  to  grayish  green 
pyroxene  has  been  reported  from  a  few  localities,  as  in  the 
Singsing  limestone,  (especially  its  southern  portion  in  Sparta,) 
and  in  the  limestone  of  New  York  Island  near  208th  street, 
localities  mentioned  by  Mather,  and  the  latter  from  the  obser- 
vations of  Professor  Gale.  I  have  not  succeeded  in  my  at- 
tempts to  verify  the  fact  at  either  place. 

Chlorite  in  scales  is  distributed  through  some  limestone  beds 
in  the  southern  part  of  the  County,  as,  for  example,  at  a  locality 
a  mile  northeast  of  Central  Bridge,  over  Harlem  Biver,  and  in 
Elastern  Morrisania.  Graphite  is  sometimes  sparingly  present, 
and  more  rarely  small  crystals  of  sphene.  Apatite  is  found  only 
in  an  occasional  minute  crystal.  Chondrodite  has  not  been 
observed. 

Much  of  the  limestone  crumbles  on  exposure,  making  sandy 
hills  of  its  outcrops  ;  but  this  is  true  of  the  same  rock  in  West- 
em  Connecticut  and  Massachusetts. 

The  Westchester  County  limestone  beds  are  much  thinner 
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than  those  of  Dutchess  County  or  Western  Connecticut  This 
may  be  a  consequence  of  their  having  been  subjected  to  hotter 
silicated  solutions  in  the  metamorphic  process,  that  is,  to  in- 
tenser  metamorphic  conditions,  such  as  the  coarse  crystallization 
of  the  rocks  would  have  required.  But  while  there  may  be 
doubt  as  to  the  thinning  in  particular  cases  by  this  means,  there 
is  none  as  to  the  dissolving  power  of  such  hot  silicated  waters, 
and  the  tendency  of  their  action  to  substitute  silicates  for 
the  carbonate.  Tremolite  and  light-colored  pyroxene,  as  long 
since  suggested  by  the  writer,*  are  among  the  products  that 
would  naturally  come  from  this  action — dolomite  being  a  cal- 
cium-magnesium carbonate,  and  the  minerals  mentioned  being 
silicates  of  the  same  bases.  The  fact  that  experiment  has  ob- 
tained pyroxene  in  crystals  by  heating  together  the  ingredients 
favors  the  conclusion.  The  tremolite  oi  the  more  southern 
portion  of  the  Singsing  limestone  area  often  makes  a  thick 
envelope  about  portions  of  limestone,  showing  that  it  was 
formed  between  iragments  out  of  their  material.  If  the  dolo- 
mite is  a  ferriferous  variety,  the  action  might,  in  the  same  way, 
produce  green  hornblende  or  actinolite,  or  green  pyroxene. 
Tlje  only  other  magnesian  silicate  often  present,  and  abund- 
ant in  the  adjoining  schists,  is  biotite  ;  and  this  could  have  been 
Produced  only  where  iron  also  was  at  hand.  Chlorite  might 
ave  been  formed  under  nearly  the  same  conditions  as  biotite. 
Whatever  the  limestone  beds  lost  through  the  action  of  the 
silicated  solutions  must  have  gone  either  to  the  making  of 
these  silicates  or  of  other  more  soluble  silicates  ;  for  muscovite 
contains  but  one  percent  or  less  of  calcium  or  magnesium,  and 
orthoclase  none  of  either  of  these  elements. 

Westchester  County,  like  the  Green  Mountain  region  gen- 
erally, owes  much  as  regards  its  topographical  features  to  the 
limestone  belts.  These  belts,  because  of  the  easy  erosion  of 
limestone,  have  determined  the  courses  of  river-valleys,  and  of 
lines  of  marshes  along  such  valleys,  and  many  a  lake  has  been 
located  by  them.  The  beds  of  this  soft  rock  stand  nearly  ver- 
tical, thus  favoring  the  ex- 
1-  cavation  of  deep  channels. 

The  valleys  are  sometimes 
abrupt  on  both  sides,  but 
usually  have  one  side  high, 
precipitous  and  rocky,  and 
the  other  gently  sloping; 
and  this  is  largely  due,  in  connection  with  the  erosion,  to  the 
pitch  or  dip  of  the  beds.     The  annexed  figure  illustrates  the 

*  J.  D.  Dana,  on  the  Composition  of  Corals,  and  the  production  of  the  phos- 
phates, aluminates,  silicates,  and  other  minerals  of  crystaUine  limestones,  by  the 
metamorphic  action  of  hot  water,  in  this  Journal,  I,  xlvii,  136,  1844.  See  also 
Bischof  s  Lehrbuch  Chem.  Phjs.  Geol.,  2nd  edit.,  EngL  Transl.,  1866,  iii,  28. 
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ordinary  facts.  The  underdippiDg  side  of  the  limestooe  area  is 
the  steep  side  of  the  valley,  becaase  of  the  undermining  which 
the  position  of  the  limestone  stratum  favored ;  and,  for  the  same 
reason,  the  river  channel  (r^  is  made  to  hug  the  same  side,  and 
leave  the  other  for  wide  strips  of  marshy  land,  with  sometimes 
pond-like  broadenings  of  the  stream.  This  point  was  observed 
by  Percival  in  his  survey  of  Western  Connecticut  and  the 
aojoining  portions  of  New  York  State. 

l3ut  the  pitch  of  the  beds  has  not  been  the  only  cause  of  this 
form  of  the  valleys.  The  throw  of  the  waters  against  the 
right  bank  of  a  stream  (the  western  if  flowing  south,  or  north- 
ern if  flowing  west),  in  consequence  of  the  earth's  rotation, 
most  have  had  its  effects,  and  may  account  for  the  cases  in 
which  the  western  side  is  the  steep  one,  notwithstanding  a  ver- 
tical or  even  a  high  eastern  pitch.  During  the  progress  of  the 
Glacial  era,  the  subglacial  streams  would  have  felt  this  throw 
and  worked  in  accordance  with  it ;  and  afterward,  when  the 
Glacial  flood,  from  the  melting,  was  at  its  height,  the  rushing 
waters  would  have  swept  the  earth  away  from  the  same  side, 
and  transferred  much  of  it  to  the  opposite. 

Not  unfrequently  the  profile  of  a  valley  and  its  marsh  at 
bottom  are,  for  long  distances,  all  the  evidence  there  is  in  sight 
to  suggest  the  presence  of  limestone  beneath;  and  hence  come 
uncertainties  as  to  the  true  limits  of  a  limestone  belt,  which  only 
deep  diggings  through  the  alluvium  or  stratified  drift  of  the 
valley  can  remove. 

The  mapping  of  the  limestone  areas  has  other  difficulties  in 
consequence  oi  the  frequent  intercalations  of  beds  of  mica 
schist  or  gneiss.  Percival  includes  in  his  areas  the  interstrati- 
fied  schists  ;  and  this  method  is  often  unavoidable,  except  on  a 
map  of  very  larce  scale,  after  a  careful  survey.  But  not 
even  the  utmost  thoroughness  would  always  secure  accuracy  of 
details  in  this  respect,  because  of  the  prevailing  cover  of 
marshes  and  ponds.  But  this  alternation  is  sometimes  only 
apparent ;  that  is,  in  place  of  two  distinct  limestone  strata  witn 
an  intervening  stratum  of  schist,  there  is  often  one  folded  stra- 
tum of  limestone  whose  enclosed  schist  (mica  schist  or  gneiss) 
has  come  out  to  view  through  denudation.  If  the  fold  is  one 
having  a  horizontal  axis,  the  denudation,  if  alike  in  all  parts, 
would  reduce  it  to  two  limestone  bands  and  one  of  schist  inter- 
mediate ;  but  if  its  axis  is  inclined — the  common  fact — the 
two  limestone  bands  may  be  separated  by  schist  only  for  part 
of  its  length.  This  point  is  illustrated  by  several  of  the  belts, 
and  is  explained  in  connection  with  the  description  of  belt 
No.  1  beyond,  and  further  exhibited  on  the  map  of  Westchester 
limestone  areas,  accompanying  this  memoir. 
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(8.)  Serpentine  and  other  Hydrous  Minerals, 

The  limestone  areas,  at  several  widely  distant  points,  are 
associated  with  or  contain  serpentine,  witn  sometimeKS  also  talc 
and  hydrous  anthophyllite.  it  is  embedded  in  small  masses 
in  the  northwestern  limestone  area,  or  that  of  Canopus  Hollow, 
at  a  quarry  two  and  one-half  miles  north-northeast  of  Peeks- 
kill  ;  more  sparingly  in  the  southern  part  of  the  Singsing  area, 
which  is  near  the  central  latitude  of  the  County :  and  to  the 
south,  with  hydrous  anthophyllite;  in  eastern  Morrisania,  near 
142d  street;  and  also  at  some  points  on  New  York  Island.  It 
is  (as  has  long  been  known)  the  chief  constituent  of  large  beds 
near  New  Rochelle  and  Bye,  at  both  of  which  places  the  area 
is  embraced,  like  the  ordinary  limestone  belts,  between  conform- 
able beds  of  micaceous  gneiss.' 

The  New  Rochelle  serpentine  area  is  on  Davenport's  Neck,  a 
nearly  north-and-south  peninsula  bordering  on  Long  Island 
Sound.  The  outcrops  occur  over  the  northern  half  of  the 
western  portion  of  the  peninsula,  and  near  the  middle  of  the 
northern  shore.  At  the  eastern  end  of  the  last  mentioned  expo- 
sure, the  rock  is  mostly  crystalline  limestone  ;  but  the  thickness 
of  the  limestone  portion  of  the  belt  is  uncertain  because  earth 
covers  the  next  two  hundred  yards,  and  then  succcckIs  the 
gneiss.  In  Rye,  the  serpentine  area  commences  one  mile  north 
of  the  railroad  station. at  Rye,  and  extends  northward  for 
over  a  mile  and  a  half.  The  rock  contains  some  limestone  dis- 
seminated through  it,  and  the  removal  of  it  by  percolating  waters 
has  made  its  surface  portions  cavernous,  and  some  parts  light 
and  porous.  The  associated  limestone,  both  at  New  Rochelle 
and  Rye,  is  dolomite,  and  partly,  if  not  wholly,  a  ferriferous 
dolomite.* 

The  serpentine  of  these  regions  varies  in  color  from  pale 
green  to  blackish  green,  dark  brownish  green,  brownish  yellow 
and  brick-red.  Part  of  it  at  New  Rochelle  is  whitish  and 
translucent,  resembling  retinalite  and  deweylite.  The  fibrous 
variety,  chrysotile,  is  also  met  with.  The  rock  is  much  rifted, 
and  impure  with  disseminated  magnetite,  talc,  "  hydrous  antho- 
phyllite," and  other  materials. 

The  propriety  of  classing  these  serpentine  areas  with  those  of 
limestone  is  sustained  by  the  following  considerations :  (1.) 
The  stratigraphical  position  accords  with  this  view  ;  (2)  the 
presence  of  dolomite,  disseminated  through  the  serpentine 
rock  or  associated  with  it,  favors  it ;  and  (3)  the  fact  that  the 

'  Mather's  N.  Y.  Report,  p.  462. 

^  For  the  facts  as  to  the  stratigraphical  positions  of  the  serpentine  areas  and  the 
adjoining  schietSf  see  the  remarks  beyond  on  the  areas,  Nob.  6  and  6. 

Mather  mentions,  in  his  N.  Y.  Report  (p.  461),  the  occurrence  of  serpentine 
three  or  four  miles  southeast  of  White  Plains.  I  have  looked  for  the  locality 
without  success. 
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serpentine  and  other  hydrous  silicates  originated  from  minerals 
that  are  common  in  the  Westchester  County  limestone  (dolo- 
mite) beds,  and  that  this  change  has  taken  place  in  many  beds 
that  are  still  chiefly  limestone,  gives  it  support.  The  following 
are  some  examples  under  the  last  point : 

The  hydrous  anthophyllite  (first  known  from  New  York 
Island)  was  long  since  .shown  to  be  altered  tremolite,  the  most 
common  of  the  limestone  minemls;  and  limestone  has  often 
been  observed  in  close  association  with  this  hydrous  mineral,  or 
as  the  adjoining  or  containing  rock.  At  the  most  important 
locality — between  67th  and  63d  streets  on  the  western  side  of 
New  Vork  Island — ^Dr.  Gale  describes  it  as  associated  with 
serpentine  and  limestone. 

The  small  serpentine  masses,  embedded  in  the  limestone  of 
Canopus  Hollow  (Sprout  Brook  Valley)  referred  to  above,  I 
have  found  to  present  sometimes  the  forms  of  a  group  of  distinct 
crystals  of  tremolite ;    and  the  same  is  true  with  that  of  the 
Singsing  limestone  area.     The  New  Rochelle  and  Rye  serpen- 
tine is  often  largely  made  up  of  crystallizations  of  tremolite  in 
all  stages  of  alteration,  from  the  unchanged  mineral  to  amor- 
phous serpentine  ;  while  other  portions  contain   the  allied  min- 
eral, actinolite,  under  the  same  conditions.     Some  of  the  sil- 
icates are  changed  also  to  talc,  making  pearly  plates  distributed 
sparingly  through  the  serpentine.     The  dolomite  has  also  par- 
ticipatecl  in  the  change  and  been  turned  into  serpentine.     One 
piece  of  the  serpentine  obtained  at  New  Rochelle  looks  like  a 
pseadomorph  after  a  large  and  fine  crystal  of  pyroxene ;  but  it 
IS  rough,  and  I  am  doubtful  as  to  this  origin.    Mather,  however, 
speaks  of  the  occurrence  of  pyroxene  with  the  serpentine  of 
that  locality ;  and  it  is  possible  that  this  mineral  made  part  of 
the  original  material,     tt  has  already  been  stated  that  tremolite 
is  abundant  in  the  Westchester  County  limestone,  and  occasion- 
ally makes  up  the  greater  part  of  some  beds.     Actinolite  is 
not  common  ;  but  one  bed  of  it  has  been  mentioned  (p.  25)  as 
occurring  just  west  of  the  Kingsbridge  limestone. 

The  serpentine  has  also  originated  in  part — how  large  a  part 
is  uncertain — from  enstatite,  another  mineral  of  the  hornblende 
family ;  and  some,  at  least,  of  the  talc  has  the  same  origin. 
Unaltered  portions  have  the  infusibility  or  near  infusibility  of 
this  mineral,  and  show  by  their  optical  clmractei*s,  as  has  been 
observed  by  Mr.  G.  W.  Ilawes,  that  the  crystallization,  unlike 
that  of  the  tremolite,  is  orthorhombic.  This  mineral  is  yet 
unknown  from  any  of  the  limestone  beds  or  other  rocks  of  the 
county,  and,  were  it  not  for  the  tremolite  and  dolomite,  would 
su^ffest  other  relations  for  the  beds. 

Many  disseminated  grains  and  masses  of  serpentine  in   the 
New  Rochelle  serpentine  have  the  yellow  and  brownish  yellow 
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colors  of  chondrodite,  and  look  as  if  they  had  been  derived 
from  that  mineral.  'But  the  cleavage  of  some  of  the  large 
masses  so  colored,  and  other  peculiarities,  show  that  tliis  idea  is 
not  tenable,  and  evince  that  the  color  has  come  from  oxidized 
iron.  The  change  to  serpentine — a  hydrous  magnesian  sili- 
cate— would  have  set  free  the  iron  in  the  minerals  undergoing 
the  alteration — whether  actinolite,  ferriferous  dolomite,  or  tre- 
molite  (this  last  containing  one-half  to  two  per  cent,  and  acti- 
nolite three  to  twelve  per  cent) ;  and  thence  would  have  come  by 
oxidation  the  limonite,  which  is  the  source  of  the  color.  But 
magnetite  (Fe,0^)  also  occurs  in  much  of  the  serpentine  in  dis- 
seminated grains,  and  this  contains  another  part  of  the  oxidized 
iron — a  point  well  illustrated  by  the  facts  with  regard  to  ser- 
pentine pseudomorphs  at  the  Brewster  (Tilly  Foster)  Iron 
Mine,*in  Putnam  County,  New  York.* 

In  view  of  the  facts  with  regard  to  the  character  of  the  lime- 
stone (dolomite)  beds,  and  those  of  serpentine,  we  may  deem  it 
probable  that  the  beds  which  now  contain,  or  consist  mainly  of, 
serpentine,  or  of  "  hydrous  anthophyllite,"  were  (A)  originally 
beas  of  uncrystalline  limestone  (dolomite^ ;  that  (B)  they  became 
beds  penetrated  with  tremolite,  actinolite,  and  other  mineral 
silicates,  at  the  time  of  the  first  metamorphism  of  the  limestone 
— and  that  this  change  in  some  cases  hiay  have  gone  so  far  as 
to  use  up  the  most  of  the  limestone  of  a  bed;  further,  (C)  that 
these  beds  afterward  underwent  a  later  transformation,  convert 
ing  the  tremolite  and  other  magnesian  silicates,  and  part  of  the 
remaining  dolomite,  into  hydrous  magnesian  silicates,  and  mostly 
to  serpentine.  This  later  transformation  was  probably  due  to 
movements  attending  some  subsequent  disturbance  of  the 
region,  by  which,  through  friction,  the  heat  was  produced 
needed  for  making  silicated  solutions. 

No  large  beds  of  limonite  (or  brown  hematite,  as  it  used  to 
be  called)  have  been  found  in  connection  with  the  limestone 
and  adjoining  schists  of  Westchester  County.  Such  beds  in 
other  regions  are  seldom  extensive  except  where  the  schists  are 
the  semicrystalline  hydromica  schists.  In  the  serpentine  region 
of  Bye,  limonite  has  resulted  from  the  alteration  of  the  serpen- 
tine rock,  and  the  bed  has  been  opened,  though  not  with  good 
prospects  of  profit  The  limonite  in  this  case  has  come  chiefly 
from  the  oxiaation  of  the  iron  of  the  ferriferous  dolomite  asso- 
ciated with  the  serpentine,  and  that  of  the  disseminated  mag- 
netite. 

*  See  the  author's  memoir  on  the  serpentine  pseudomorphs  of  the  Tilly  Foster 
Iron  Mine,  in  this  Journal,  III,  viii,  pages  464,  465,  1874. 

[To  be  oonlinued.] 
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Abt.  in. — Observations  on  Mount  Etna;  by  S.  P.  Langley. 

During  the  winter  of  1878,  in  the  course  of  a  visit  to  Europe, 
I  spent  some  time  upon  Mount  Etna,  and  at  the  request  of  Cap- 
tain Carlisle  P.  Patterson,  the  Superintendent  of  the  United 
"States  Coast  Survey,  gave  attention  there  to  the  character  of 
the  astronomical  vision,  in  order  to  enable  comparisons  to  be 
made  with  observations  taken  under  similar  conditions  in  our 
own  territorie&  I  have  thought  that  in  view  of  the  present 
attention  to  mountain  sites  for  observatories,  the  results  might 
be  of  interest  to  others,  and  I  have  obtained  the  kind  permission 
of  the  Superintendent  to  the  publication  of  the  following  ex- 
tracts from  a  report  made  to  him  on  my  return.  It  is  proper  to 
pre&ce  them  by  the  request  that  the  reader  will  remember  that 
the  observations  are  not  the  results  of  an  organized  expedition, 
but  merely  such  as  a  single  traveler,  unprovided  with  large 
instrumental  means,  might  attempt  in  a  limited  time. 

The  progress  of  modern  optics  is  now  furnishing  observers 
with  telescopes  of  a  power  wnich  exceeds  the  capacities  of  our 
lower  atmosphere  for  their  constant  employment.  The  obsta- 
des  to  definition  due  to  this  atmosphere,  and  which  increase 
nearly  in  proportion  to  the  increase  of  optical  power,  have  grown 
to  be  so  nearly  a  barrier  to  any  rapid  progress,  that  attention 
has  been  much  given  of  late  to  the  conditions  of  vision,  which 
it  is  very  commonly  supposed  will  be  found  to  be  best  on 
mountain  summits.  On  this  point,  however,  we  have  scarcely 
any  exact  information.  Professor  Smythe's  expedition  to  the 
Peak  of  TeneriflFe,  (see  "An  Astronomer's  Experiment'') ;  some 
interesting  remarks  by  Professor  Henry  Draper  on  the  Wah- 
satch  Mts.,  (this  Journal,  vol.  xiii,  p.  89) ;  and  some  incidental 
notes  by  temporary  observers  in  the  Himalayas,  making  the 
sum  of  our  scanty  knowledge.     It  seemed  to  me  that  I  could 

hbest  employ  my  limited  time  and  means  by  selecting,  as  a  sta- 
tion, a  point  generally  admitted  to  be  the  most  favorable  of  any 
in  Europe,  and  there  attempting  to  gather  some  sort  of  quantita- 
tive estimate  of  the  degree  of  transparency  and  definition,  to 
take  the  place  of  vague  statement,  and*  to  give  a  kind  of  stan- 
dard for  comparison  with  sites  in  our  own  territory. 

Very  concurrent  testimony  points  to  the  atmosphere  of  the 
Ishores  and  islands  of  the  Mediterranean,  and  particularly  of 
Sicily,  as  being  on  the  whole  superior  to  that  of  Northern 
'  Europe,  and  in  Sicily,  Mount  Etna  has  not  only  long  been  dis- 
tinguished for  the  extraordinary  extent  of  the  prospect,  undis- 
turbed by  haze,  but  by  its  recent  selection  as  a  site  for  a 
mountain  observatory  by  the  Italian  authorities  guided  by  the 
competent  judgment  of  Professor  Tacchini.      This  was  the 


\ 


Am.  Jour.  Soi.— Thibd  Ssbiis,  Vol.  XX,  No.  115.— July,  1880. 

3 


34  S,  P,  Langley — Observations  on  Mount  Etna. 

selected  site  for  experiment,  but  instead  of  finding  myself  upon 
the  ground  in  October,  as  I  had  intended,  it  was  not  until  the 
^25th  of  December,  that  I  finally  ascended  the  mountain ;  when 
jhe  lateness  of  the  season  brought  bad  weather,  which  made 
the  opportunity  for  observation  limited.  According  to  local 
opinion,  the  air  is,  if  anything,  clearer  in  winter  here  than  in 
summer,  when  it  is  not  actually  cloudy.  However  this  may 
be,  the  chief  drawback  on  observation  was  the  number  of 
stormy  days,  by  which  I  mean  that  the  character  of  the  vision 
on  those  which  were  fine,  seemed  as  good  as  that  which  any 
season  could  have  furnished. 

Etna  is  a  mountain  of  great  extent,  its  lower  cultivated 
slopes  being  very  gradual,  so  that  for  five  or  six  miles  of 
gentle  ascent  from  its  base,  it  is  ringed  with  a  zone  of  rich 
vegetation,  where  the  population  is  among  the  densest  in  Sicily. 
At  an  altitude  of  about  2000  feet,  cultivation  seems  to  cease 
abruptly,  so  that  a  rather  sharp  line  of  demarcation  can  be 
drawn  between  this  and  the  upper  region,  which  presents 
a  remarkable  contrast ;  covering  the  great  extent  of  something 
like  two  hundred  square  miles,  almost  without  a  house  or  an 
inhabitant  Some  thin  and  scattered  plantations  of  chestnut 
trees  reach  on  the  southeastern  side  to  an  altitude  of  4  or  5000 
feet,  but  this  region  is,  as  I  say,  uninhabited,  and  above  this, 
all  is  barren,  consisting  of  wastes  of  lava.  There  is  at  the  foot 
of  the  final  cone,  a  hut  called  Casa  Inglese,  used  in  summer  by 
the  few  tourists  to  the  summit,  and  deserted  during  the  rest  of 
the  year,  during  a  considerable  part  of  which,  it  is  usually,  in 
fact,  buried  beneath  the  snow.  This  being  some  eight  hours 
journey  beyond  food,  fuel  or  water,  can  only  be  used  for  a  few 
hours,  except  by  a  permanently  organized  occupation,  such  as 
is  in  fact  to  be  undertaken  with  the  resources  of  the  local 
government,  which  proposes  to  make  of  it  the  Etnean  Observa- 
tory. This  point  being  quite  out  of  the  question,  for  me,  as  a 
residence,  I  was  advised  at  Catania  to  make  my  stay  at 
Nicolosi,  the  highest  village  on  the  mountain,  and  whose  eleva- 
tion is  a  little  over  2000  feet  It  seemed,  however,  that  a  higher 
altitude  would  be  desirable,  but  the  difficulty  was  to  find  a 
station  where  wood  and^vater  could  be  had  with  some  kind  of 
shelter.  Fortunately  there  exists  about  three  hours'  journey 
above  Nicolosi,  a  cistern  containing  excellent  water,  near  which 
is  a  hut  built  of  lava,  known  as  "  Casa  del  Bosco."  It  S§ 
scarcely  the  "  house  "  its  title  denotes  it  to  be,  but  it  has  walls, 
a  roof,  and  even  a  kind  of  fire-place,  while  the  chestnut  planta- 
tion in  the  vicinity  makes  it  possible  to  obtain  fuel. 

I  had  no  hesitation  in  choosing  this,  then,  and  though  the 
quarters  were  certainly  not  as  comfortable  as  those  I  had  left 
at  Catania,  I  found  them  sufficient     The  hut  stands  at  an  ele- 
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▼ation  of  about  4,200  feet,  on  the  southeast  slope  of  the  moan- 
tain.  It  is  in  lat  87°  88'  56''-5  N.  and  long.  &"  08°»  IV'b  east 
of  Washington.* 

After  a  preliminary  visit,  I  ascended  the  mountain  on  Dec. 
25th,  1878  (Christmas  day),  leaving  Catania  in  the  morning,  and 
reaching  the  '^  Casa"  after  dark.  I  had  no  aid  or  assistant,  but 
was  accompanied  by  a  native  guide  and  by  soldiers  (Cara- 
binieri)  sent  by  the  Jrrefect  of  Catania,  all  of  whom  remained 
with  me.  These  soldiers  were  sent  on  the  application  of  the 
Honorable  Mr.  Marsh,  Minister  of  the  Unitea  States  at  Rome, 
who  kindly  and  eflfectually  interested  himself  to  procure  me 
official  intrnductions  from  the  Italian  ministry  to  the  Prefect  of 
Catania,  and  I  was  obliged  in  this  as  in  other  instances,  by  every 
attention  which  our  own  consular  ofl&cers  or  the  Sicilian  author- 
ities could  render. 

My  instruments  consisted  of  a  telescope  of  8J  inches  aper- 
ture, mounted  equatorially  (but  without  circles),  and  ^resting 
upon  a  tripod  stand.  It  is  the  property  of  the  United  States 
Naval  Observatory,  and  for  its  loan  I  am  specially  indebted  to 
the  kindness  of  Admiral  John  Rodgers,  the  Superintendent. 
With  this  was  a  spectroscope,  belonging  to  the  Allegheny 
Observatory,  provided  with  a  Rutherfurd  speculum  metal  grat- 
ing of  17,296  lines  to  the  inch,  and  with  collimating  and  observ- 
ing telescopes  of  1*1  inch  aperture  and  14  inches  focal  length. 
I  had  no  cnronometer,  nor  any  means  for  observations  of  pre- 
cision. 

The  observations  were  to  be  directed  to  the  sole  end  of  deter- 
mining the  character  of  vision,  as  tested  at  night  by  observa- 
tions on  stars  and  nebulae,  and  by  day  upon  the  sun^y— l"w7 
furnished  by  the  kindness  of  Mr.  Burnham,  of  Chicago,  with  a 
list  of  test  objects,  which  included,  however,  many  very  diffi- 
cult with  such  an  aperture,  or  indeed  beyond  its  reach,  as  the 
list  was  made  at  my  request,  in  expectation  of  the  use  of  a 
larger  instrument  than  the  one  actually  employed.  I  confined 
myself  chiefly  to  the  examination  of  a  small  number  of  very 
familiar  and  mostly  easy  test  objects,  adopting  the  plan  of  lim- 
iting the  aperture  by  graded  diaphi^ms,  until  the  smallest  one 
was  found  through  which  the  object  could  be  steadily  seen. 
The  same  objects  can  always  be  tried  with  the  same  apertures 
elsewhere,  but  not  always  with  the  same  eye,  and  since  eyes 
differ,  it  is  important  to  say  that  my  own  possess  no  special 
sensitiveness.  In  former  years,  while  engaged  with  others 
upon  such  delicate  objects  as  the  inner  satellites  of  Saturn, 
or  on  double-star  work,  I  have  never  been  able  to  flatter 
myself  that  my  vision  in  this  respect  was  |it  all  keener  than  the 
average.     My  eye,  for  instance,  on  clear  nights,  at  ordinary  ele- 

^  I  am  indebted  for  these  determinations  to  the  kindness  of  Professor  C.  H.  F. 
Peters. 
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vations,  does  not  recognize  steadily  more  than  six  stars  in  the 
Pleiades,  and  sees  a  seventh  and  eighth  by  glimpsss,  and  on  an 
ordinary  clear  night  at  Allegheny,  I  cannot  steadily  see  the 
companion  of  Polaris  with  less  than  two  inches  aperture. 

I  proceed  to  give  some  of  the  tests  of  light  from  observa- 
tions made  on  the  nights  .of  December  28ih,  81st,  1878,  and 
January  1st,  4th,  10th,  18th,  1879.  The  aperture  employed  is 
81  inches,  where  not  otherwise  stated. 

Pleiades  with  naked  eye,  moon  not  set,  nine  stars  steadily 
visible. 

Companion  of  Polaris  (position  previously  unknown),  recog- 
nized with  1*6  in.  aperture. 

Companion  of  Rigel  steadily  seen  with  1*6  in.  aperture,  not 
seen  with  1*4  in. 

/3  Leporis.     Companion  (mag.  11)  seen  with  full  aperture. 

a  Tauri.  Companion  (mag.  11*2)  an  easy  object  with  full 
aperture. 

December  Slst.  The  nebula  in  Orion  being  about  40°  high  and 
moon  half  full,  the  6th  star  in  the  trapezium  was  seen  with  full 
aperture. 

{  Ononis.  The  dd  star  (11th  mag.)  seen  with  3^  in.  A  little 
later,  however,  the  definition  being  worse,  could  not  discern  the 
11th  mag.  star  preceding  (T  Orionis. 

January  4th.  5th  star  in  trapezium  of  Orion  steadily  seen,  but 
could  not  be  sure  of  6  th. 

3d  star  of  t  Orionis  (11th  mag.)  seen  with  3^  in.  in  spite  of 
moonlight. 

January  lOth,  11th  mae.  star  preceding  er  Orionis,  also  11th 
mag.  star  of  t  Orionis  well  seen  in  'spite  of  moon  and  the  tremor 
from  wind. 

The  observations  for  stars  included  manj  others,  which  were 
less  satisfactory,  and  I  select  from  them  this  small  list,  with  the 
remark  that  in  the  five  nights  which  were  all  that  presented 
themselves  for  this'  work,  the  wind  was  an  almost  constant 
obstacle  to  steady  vision,  while  I  was  compelled  to  observe  in 
the  moonlight,  and  while  from  the  construction  of  the  tripod 
stand,  I  was  generally  obliged  to  omit  objects  at  an  altitude  of 
much  over  60°.  Considering  the  distinctness  with  which 
objects  of  11  to  11*2  magnitude  were  seen  under  these  circum- 
stances, I  think  we  shall  be  justified  in  stating  that  the  limit, 
for  an  ordinary  eye  and  the  aperture  employed  (8'26  in.),  at 
this  altitude  on  Etna  cannot  be  far  from  the  11*5  magnitude  of 
the  Bedford  catalogue,  or  the  10*2  magnitude  of  Struve's  scale. 
I  have  employed  the  scale  of  the  Bedford  catalogue  partly  be- 
cause Mr.  Webb,  in  his  very  excellent  little  manual,  makes  the 
remark  that  to  an  ordinary  eye  and  telescope,  the  11th  magni- 
tude (of  this  catalogue)  is  the  limit  of  vision  to  8*7  in.  aperture 
(in  England),  and  because  in  the  absence  of  more  exact  data, 
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we  may  be  interested  in  observing  what  this  will  give  as  the 
relative  transparency  of  the  respective  atmospheres.  For  this 
purpose,  let  tne  alraolute  light  of  the  11th  magnitude  star  be 
unity  and  as  that  of  the  10th  is  approximately  2^  times,  and 
that  of  the  12th  f  of  this;  that  of  the  11 '2  (the  smallest  cer- 
tainly seen),  is  represented  by  the  number  whose  logarithm  is 

LJog^\^  and  /^V-SS-  -64.     This  would  appear  to 

show  that  stars  of  about  f  the  brightness  of  those  visible  in 
England  under  like  telescopic  power  can  be  seen  on  Etna  at 
the  altitude  of  Casa  del  Bosco. 

We  may  obtain  means  for  comparing-  the  transparency  of 
Uie  atmosphere  at  any  station  on  successive  evenings,  or  at  any 
number  or  different  stations,  by  observing  with  the  naked  eye, 
two  stars,  one  hi^h  and  one  low  in  altitude,  which  appear  to 
have  the  same  bnghtness  at  a  given  time ;  for  the  light  of  the 
lower  one  must  have  been  diminished  by  a  calculably  greater 
amount  than  that  of  the  upper,  and  this  difference  will  furnish 
a  measure  of  the  absorptive  power  of  the  atmosphere. 

Thus  let  a  be  the  coefficient  of  transmission  of  our  atmos- 
phere, so  that  a  star  in  the  zenith  whose  absolute  light  is  L, 
appears  with  a  light  La,  to  an  eye  viewing  it  through  the  inter- 
vening vertical  column  of  atmosphere  (=1).  A  star  L,  at  the 
zenith  distance  2,  whose  light  is  more  absorbed  by  the  longer 

column  of  air  (=sec  z,)  will  appear  of  the  brightness  Jj^^  *» 

that  of  a  lower  star  L,  of  the  brightness  L,a*®^  *'  and  if  these 

two  appear  equally  bright,  L^a*®^  *»=L,a^®^  *%  whence 

,  Log  L, — Log  L, 

log  a  =      ^    '         ^    ' 


sec  2,— sec  2, 


(We  neglect  the  effects  of  refraction  and  of  selective  absorp- 
tion). We  need  the  relative  lights  only,  and  tliese  we  obtain 
by  assuming  as  before  that  the  light  of  each  magnitude  is  2^ 
times  that  of  the  next  below,  an  assumption  which  is  suffi- 
ciently close  to  fact  for  our  present  purpose. 

The  following  stars  were  thus  compared.     The  times  of  com- 
parison were  ts^en  from  a  common  watch,  and  from  these  the 
zenith  distances   are  found   by  subsequent  computation,  the 
magnitude  being  here  taken  from  Heiss  and  Argelander  re- 
.  duced  to  Peirce*s  scala 

If  any  conclusion  may  be  drawn  from  so  very  limited  a 
number  of  comparisons,  we  may  infer  then,  that  at  this  station 
,  about  nine-tenths  of  the  light  of  a  zenith  star  reaches  us,  and, 
I  that  only  one-tenth  is  absorbed  by  our  atmosphere,  but  it  is 
I  probably  that  this  absorption  is  in  reality  somewhat  greater. 
i 
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Station^  CcUania. 


Stare 
Matched. 

Date. 

c 

Mag. 

Log  L. 

sec  C« 
sec  Ci. 

Log  Li 
LogL,. 

log  a. 

a. 

y  Oephoi 
C  Ure.  Maj. 

Dec.  23d,  1878 
8»»  53»  M.  T. 

45"  12' 
84    52 

3-55 
21 

-1-42 
-0-84 

+  9-76 

-0-58 

-0059 

087 

6  Gassiop. 
n  Draconis 

Dec  23d,  1878 
9»»  06"  M.  T. 

28    49 
79    25 

30 

2-8 

-1-20 
-112 

+  4-30 

• 

—008 

-0019 

0-96 

y  Oephei 
tf  Ure.  Maj. 

Dec.  23d,  1878 
ll^  08»  M.  T. 

52    40 
79    45 

3-55 
207 

-1-42 
-0-83 

+  3-97 

-0-59 

-0149 

0-71 

p  Caaaiop. 
/?  Ure.  Maj. 

Dec.  24th,  1878 
6»»  17"  M.  T. 

21    27 
83    27 

2-35 
21 

-0-94 

-e-84 

+  7-69 

-010 

-0013 
Mean 

0-97 
0-88 

Station^  Casa  del  Bosco, 


Stare 
Matched. 

Date. 

C 

Mag. 

LogL. 

sec  C, 
sec  C,. 

LogLi 
LogL,. 

log  a. 

a. 

y  Geminorum 
y  Leonia 

Jan.  4th,  1879 
9»»  07»  M.  T. 

38" 
79 

46' 
52 

2-6 
2-1 

-1-04 
-0-84 

+  4-40 

-0-20 

-0-046 

0-90 

Mean  of  PAS 

Aurigae 
P  Leonis 

Jan.  4th,  1879 
lO**  60™  M.  T. 

(12") 
80"  10' 

(3-16) 
21 

-1-26 
-0-84 

+  4-84 

-0-42 

-0-087 

0-82 

CTauri       . 
a  Can.  Ven. 

Jan.  4ih,  1879 
11»»  OS"  M.  T. 

17 
76 

54 
30 

3-56 
3-07 

-1-42 
-1-23 

+  2-94 

-019 

-0  065 

0-86 

e  Peraei 
P  Can.  Min. 

Jaa  10th,  1879 
«»»  53"  M.  T. 

19 
74 

10 
44 

3-25 
315 

-1-34 
-1-26 

+  2-74 

-0-08 

-0029 

0*94 

y  Cassiop. 
3  Urs.  Maj. 

Jan.  10th,  1879 
7»»  00"  M.  T. 

26 
75 

31 
57 

21 
2-1 

-0-84 
-0-84 

+  3-00 

±000 

0000 

100 

y  Pereei 
y  Ur&  Min. 

Jan.  13th,  1879 
1^  28"'  M.  T. 

15 
69 

22 
01 

3  07 
2-9 

-1-23 
-116 

+  1*76 

-007 

-0040 
Mean 

0-91 
0-90 

These  general  conclusions  as  to  the  clearness  of  the  atmos- 
phere must  not  lead  us  to  think  that  it  is  uniformly  clear,  or 
that  the  definition  is  uniformly  good  at  such  a  mountain  sta- 
tion, or  that  we  have  not  to  exercise  patience  and  wait  for  oppor- 
tunity as  well  there  as  below.  Thus  I  find  such  entries  as 
these  frequently  recurring : 

"  Jan'y  Ist,  '79. — Definition  very  ordinary,  with  haziness  of 
sky.     Companion  of  Rigel  not  conspicuous  with  full  aperture.'' 

Jan'y  13th. — The  sky  seems  clear,  yet  I  cannot  see  the  compan- 
ion of  84  Ceti  (9-10  mag.)  with  full  aperture.  The  night  is  like 
one  at  home,  with  no  good  view  of  faint  objects,  though  with  fair 
definition/'  etc. 
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Beviewing  my  experience,  I  should  say  that  the  gain  on 
Etna  over  a  lower  station,  as  tried  by  the  tests  of  a  double-star 
observer,  was  more  in  clearness  of  the  atmosphere  than  in  that 
freedom  from  tremor  which  accompanies  gooa  definition.  The 
latter  was  indeed  upon  the  whole  better  than  below,  but  not  ^ 
conspicuously  so. 

I  had  occasion  in  August,  1878,  to  notice  the  remarkable 
extent  and  brightness  of  the  milky  way,  as  seen  from  the  Colo- 
rado plains,  and  still  more  from  Pike's  Peak.  The  appearance 
of  a  nebula  is  perhaps  indeed  the  best  test  to  an  experienced 
eye,  of  the  quality  of  transparency  in  any  atmosphere,  and  I 
was  desirous  of  making  a  sketch  of  the  nebula  of  Orion,  as  a 
useful  measure  of  this  transparency  at  my  station.  It  was 
not  easy  to  do  this,  however,  as  in  most  of  the  few  clear 
hours  which  presented  themselves,  I  was  troubled  by  moon- 
light The  whole  time  I  was  thus  able  to  give  the  sketch 
was  hardly  equal  to  more  than  two  or  perhaps  three  consec- 
utive hours,  although  something  was  done  at  it  on  every 
opportunity,  when  other  work  permitted.  With  undivided 
attention  I  believe  many  more  details  might  have  been 
gathered.* 

At  the  present  time,  the  study  of  the  sun  is  of  increasing 
importance,  and  the  obstacles  to  clear  telescopic  vision  in  our 
lower  atmosphere  are  found  to  be  of  more  consequence,  rel- 
ativelv  to  it,  than  to  nocturnal  observations.  This  arises  in 
part  from  the  greater  disturbance  of  the  air  by  the  direct  solar 
heat  during  the  day,  than  in  the  night,  when  it  is  with- 
drawn; but  this  is  not  the  only  cause.  In  observations  of 
precision,  we  generally  seek  before  everything  an  optically 
tranquil  atmosphere,  and  it  is  a  fact  familiar  to  every  observer, 
that  the  beat  nights  for  all  accurate  measurements  of  position, 
are  very  commonly  not  the  clearest,  and  that  at  night  sharp 
definition  is,  almost  as  ♦a  rule^  associated  with  more  or  less 
imperfect  transparency ;  the  latter  being  in  itself  of  course  a 
loss,  but  bringing  an  over-compensation  in  the  steadiness  of 
vision  which  accompanies  it  Thts  is  so  distinctly  the  case, 
that  even  minute  points  of  light  are  then  often  best  seen,  as  in 
the  well-known  instance  of  the  discovery  of  the  8th  satellite  of 
Saturn  by  Bond,  on  a  night  when  stars  below  the  4th  magni- 
tude were  invisible  to  the  naked  eye. 

Now  in  solar  work  we  have  to  distinguish  two  classes  of 
phenomena, — (1)  those  of  the  photosphere,  seen  directly  by  the 
telescope  or  recorded  by  photography ;  and  (2)  those  pursued  by 
the  spectroscope,  chiefly  upon  the  chromosphere.  For  the  first 
class,  in  general  the  condition  of  successful  observation  is  an 
optical    tranquillity  of  atmosphere   rather  than  transparency. 

*  The  drawings  made  are  not  reproduced  here,  but  the  originals  are  at  the  ser- 
Tioe  of  anj  one  desiring  to  institute  a  comparison  under  like  conditions. — 8.  p.  l. 
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For  all  eye-studies  of  the  photosphere,  trausparency  is  of 
so  little  value,  that  I  have  uniformly  found  direct  telescopic 
study  at  Allegheny  to  be  most  successfully  pursued  on  hazy 
days ;  the  very  finest  detinition  I  have  ever  obtained  of  the 
minute  features  of  the  photosphere  and  spots,  being  at  times 
when  the  sun  could  be  viewed  with  little  aanger  to  the  naked 
eye,  while  even  in  solar  photography  it  is  found  best  to  take 
advantage  of  the  optical  tranquillity  of  the  atmosphere,  just 
after  the  rising  of  the  sun,  in  spite  of  the  great  loss  of  light 
from  atmospheric  absorption  at  that  low  altitude. 

For  the  second  class  of  observations,  in  which  we  may  include, 
together  with  spectroscopic  studies,  many  of  those  upon  the 
sun's  radiant  heat,  the  conditions  of  success  are  notably  differ- 
ent Very  faint  uniform  haze  in  the  air,  such  as  is  quite  con- 
sistent with  the  common  impression  of  a  bright  sunny  day,  and 
passes  unnoticed  to  the  ordinary  eye,  puts  an  absolute  stop  to 
the  study  of  the  more  delicate  chromospheric  phenomena.  For 
these,  a  sky  which  remains  of  a  deep  blue  even  in  the  neigh- 
borhood of  the  sun  (and  which  is  not  frequent  with  us  in  the 
Eastern  United  States),  is  welcomed  even  at  the  cost  of  poor 
definition  in  other  respects,  although  the  latter  is  here  also  very 
desirable.  It  is  rarely,  indeed,  with  us  that  the  two  conditions 
are  united. 

For  tests  of  telescopic  definition  upon  the  surface  of  the  pho- 
tosphere, an  experienced  eye  needs  nothing  more  than  the 
appearance  of  the  cloud-forms  there ;  for  translucency  of  the 
atmosphere,  the  appearance  of  the  chromospheric  forms ;  and 
for  the  union  of  both  requisites,  the  visibility  of  those  chromos- 

f)heric  lines  which,  being  due  to  vapors  lying  close  to  the  solar 
imb,  are  hidden  by  the  least  agitation  of  the  image.  For  the 
latter  the  lines  J,  and  1474:  Kirchhoff  were  chosen,  partly  because 
I  had  understood  from  Professor  Resphigi  that  their  reversal 
formed  severe  tests  of  atmospheric  definition,  as  tried  by  the 
conditions  found  at  the  Observatory  of  the  Capitol  (Rome),  and 
also  because  Professor  Tacchini  mentions  them  as  with  diffi- 
culty seen  by  four  inches  aperture  at  Palermo. 

I  shall  best  give  an  idea  of  what  may  be  expected  on  a  moun- 
tain site,  by  direct  extracts  from  my  journal. 

"December  28th,  1878,  10  a.  m.  The  air  perfectly  tranquil  to 
the  naked  eye,  and  a  calm  so  absolute  that  the  sound  of  voices  in 
conversation  is  heard  at  a  distance  of  half  a  mile. 

Looked  at  sun  with  an  aperture  of  one  inch  and  lowest  power. 
Definition  very  bad.  11.80  a.  m.  The  sky  is.  nearly  as  clear  as  I 
have  ever  seen  it  in  Colorado  or  Egypt — not  quite.  Carrying 
the  naked  eye  toward  the  sun,  which  is  just  shaded  by  a  screen, 
there  are  very  slight  indications  of  a  milkiness  in  the  blue  as  the 
edge  is  approached,*  but  there  is  not  that  blackness,  which  I  have 

*  ThiB  extremely  simple  test  of  transparency  is  the  best  I  know. 
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observed  in  uBing  the  same  test  on  Pike's  Peak,  or  from  the  sum- 
mit  of  the  Pyramid  of  Gizeb.  The  transparency  of  the  air  is 
nevertheless  such  as  is  very  rarely  seen  in  the  Eastern  United 
States ;  but  all  this  while,  the  a^nition  continues  very  bad — 
almost  as  bad  as  I  ever  saw  it  anywhere. 

December  20th,  1878.  Morning  warm  and  calm  with  li^ht 
cirrus  clouds.  Examined  sun  with  2d  power  f70).  Definition 
only  ordinary,  yet  caught  glimpses  of  ^'  rice-grain^'  structure,  such 
as  could  not  have  been  seen  at  Allegheny  under  like  definition 
(i.  e.  the  extreme  transparency  which  would  almost  never  be  found 
associated  with  even  ordinary  definition  at  home  here  told  in 
favor). 

December  3 1st,  1878.  The  skv  of  as  transparent  a  blue  as  I 
have  seen,  and  optically  tranquil  The  so-called  '^  rice-grain'' 
structure  of  the  solar  surface  is  beautifullv  defined  with  the  high- 
est telescopic  power  (212),  and  this  is  the  best  evidence  of  the  pos- 
sibilities of  vision  here,  as  I  have  never  before  seen  such  defini- 
tion upon  the  sun,  anywhere,  and  least  of  all  under  a  blue  sky. 
With  the  spectroscope,  using  the  small  Rutherfurd  gating,  work 
is  difficult,  owing  to  the  absence  of  clockwork  and  the  presence  of 
wind.  Yet  under  these  disadvantages,  D,  can  be  used  for  view- 
ing the  forms  of  two  adjacent  protuberances,  nearly  as  well  as  G, 
1474  Kirchhoff  is  reversed,  occasionally  shining  out  nearly  as 
bright  as  the  '^Helium"  line,  while  b^  is  repeatedly  seen  bright 
also. 

January  Ist,  1879.  No  good  definition  anywhere.  Much  of 
day  passed  in  fruitless  attempts  to  get  results  from  spectroscope. 

January  2d,  1879.  Sky  milky  blue  near  horizon,  deep  blue 
above,  but  not  so  deep  as  I  have  seen  it  on  one  or  two  exceptional 
occasions  at  Allegheny.  I  much  regret  not  having  a  cyanometer 
but  judge  that  this,  an  ordinary  blue  here,  is  deeper  and  purer 
than  any  but  the  very  best,  of  the  skies  of  the  Eastern  United 
Sutes. 

January  Sd,  1879.  Calm  and  warm,  with  light  haze  rendering 
work  with  spectroscope  on  chromosphere  fruitless.  D,  only 
caught  by  glimpses. 

January  4th,  1879.  Sky  deep  blue  but  with  occasional  cirrus 
clouds  about  sun.  Wind  constant  and  day  passed  in  waiting 
fruitlessly  for  a  minute  of  steady  vision. 

January  6th,  1879.  A  violent  wind,  but  sky  clear,  round  sun. 
Whirlwinds  and  dust  make  it  difficult  to  do  anything,  but  a 
drawing  of  the  E  lines  is  made*  1474  K  is  doubled,  and  eight 
lines  discerned  between  D,  and  D,  (high  sun). 

I  remained  upon  my  Etnean  station  until  the  14th  of  Janu- 
arj%  at  which  time  the  snow  line  had  descended  to  some  dis- 
tance below  me,  and  the  weather  became  so  bad  that  there  was 
no  prospect  of  adding  materially  to  the  results  already  obtained. 

During  my  brief  stay  in  Europe  I  had  the  pleasure  of  meet- 
ing several  distinguished  continental   observers,  and  learned 

*Not  reduced  here. 
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from  them  as  far  as  I  could,  their  opinions  as  to  the  conditions 
of  observation  at  their  respective  positions.  I  found  during  a 
few  days'  stay  in  Egypt,  a  sky  which  appeared  to  give  almost 
unequalled  definition.  I  carried  no  instruments  with  me,  but 
by  the  kindness  of  General  Stone,  of  the  Khedive's  staff,  had 
the  loan  of  a  small  telescope,  which  I  used  on  several  nights, 
from  the  roof  of  my  hotel  in  Cairo.  Judging  by  this  (if  the 
nights  were  fairly  typical,  as  they  seemed  to  be),  the  winter  cli- 
mate of  Egypt  must  be  almost  unequalled  for  astronomical  pur- 
poses, the  transparency  and  definition  being  alike  admiraole, 
and  the  freedom  from  tremor  such  that  the  discs  of  the  stars  I 
examined,  seemed  fixed  in  the  center  of  interference  rings,  as 
sharp  and  motionless  as  engraved  lines.  The  days  were  uni- 
formly fine,  but  a  slight  haziness  appeared,  I  thought,  in  the 
lower  atmosphere,  due,  perhaps,  to  dust;  which  was  surmounted 
by  a  moderate  elevation. 

From  the  top  of  the  Great  Pyramid  at  noon,  I  particularly 
noticed  that  the  sky  remained  of  a  deep  blue  without  a  trace 
of  **  milkiness,"  while  the  eye  was  carried  up  almost  to  the  very 
disc  of  the  sun.  This  was  equal  to  anything  of  the  kind  I 
have  seen  in  the  Rocky  Mountains,  but  this  was  the  only  time 
when  I  found  conditions  of  the  kind  as  good  here  as  I  have  seen 
them  in  our  own  western  territory.  I  found  only  on  this  occa- 
sion, an  absolutely  perfect  sky  for  the  purposes  of  the  student 
of  chromospheric  phenomena ;  but  all  the  days  were  good  in 
my  brief  stay,  and  I  particularly  noticed  at  other  times  the 
resemblance  of  the  Egyptian  atmosphere  to  that  of  our  Colorado 
plains,  as  shown  by  the  extreme  definiteness  of  the  desert  hor- 
izon, which  appears  as  a  hard  line,  with  a  sky  as  blue  at  the 
very  verge  of  vision  as  that  we  ordinarily  see  at  the  zenith. 

The  climate  of  lower  Egypt,  like  that  of  our  elevated  west- 
ern plains,  is  exceptionally  ary,  and  I  should  have  had,  myself, 
little  hesitation  in  stating  that  for  most  solar  observations  at 
least,  the  most  promising  conditions  were  found  associated  with 
such  a  dryness  of  atmosphere.  I  ought  to  state,  however,  that 
I  found  the  opinion  of  M.  Janssen  (an  eminently  competent 
judge  in  such  matters),  to  be  that  the  best  conditions  exist 
when  there  is  a  great  humidity  in  the  atmosphere,  if  tvilhoui 
haze.  His  experience  in  the  Himalayas  appears  to  confirm  the 
impression  I  have  gathered  from  all  my  own  experience,  that 
the  mere  fact  of  a  high  elevation  by  no  means  ensures  good 
vision,  though,  other  things  being  equal,  the  chances  are  better 
at  a  considerable  altitude.  Thus  as  I  learned  from  him  he 
found  in  1869,  both  the  definition  and  transparency  at  Simla 
(altitude  7,000  feet),  generally  worse  than  at  Guntoor,  near  the 
sea  level,  while  at  the  Neilgherry's,  at  an  altitude  of  6  or  7,()00 
feet,  the  winter  vision  was  admirable,  and  this  commonly  was 
associated  with  a  heavy  fall  of  dew. 
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High  elevations  have  undoubtedly  the  advantage  of  dimin- 
ishing the  atmospheric  absorption  of  the  more  refrangible  rays, 
an  absorption  so  important  that  it  probably  cuts  off  from  us  the 
larger  portion  of  the  ultra-violet  spectrum.  M.  Cornu,  whose 
work  on  this  portion  is  so  well  known,  informed  me  that  he 
found  himseli  able  to  add  about  1  cm.  (on  the  scale  of  his 
map)  to  this  ultra-violet  end,  for  each  600  m.  of  altitude,  and 
that  it  was  his  intention  in  order  to  extend  his  work  further, 
to  make  the  Furca  pass  in  the  Alps  his  observing  station 
during  the  present  year;  a  testimony  of  importance  to  the 
gain  in  this  direction  to  be  expected  from  mountain  observ- 
atories. "^L 

It  appears  from  all  that  has  preceded,  that  the  balance  of  ad-  | 
vantages  is  most  likely  to  be  found  in  a  dry  atmosphere,  and  I 
certainly  at  a  great  elevation.  The  gain  for  observations  of 
precision  will  be,  though  positive,  not  in  itself  probably  such 
as  to  justify  (unless  for  the  work  of  the  double-star  observer), 
the  difficulty  and  expense  of  such  a  site ;  but  for  the  study  of 
the  nebulsB  and  stellar  photometry  the  gain  is  very  essential 
indeed,  while  for  almost  every  problem  in  solar  physics  we 
may  say  without  reserve  that  for  rapid  progress,  such  observa- 
tories have  now  become  not  merely  desirable  but  indispensable. 
The  summit  of  a  very  lofty  mountain  is,  however,  even  apart 
from  any  consideration  of  its  inaccessibility,  not  a  desirable 
station.  At  an  altitude  of  10  or  11,000  feet  we  may  still  enjoy 
all  ti  3  conditions  of  health  which  fit  us  for  labor,  but  if  we 
ascend  considerably  beyond  this,  we  find  unfavorable  condi- 
tions increasing  very  fast.  If  I  may  be  allowed  to  quote  from 
my  own  experience  of  a  stay  of  ten  days  upon  Pike  s  Peak,  at 
an  altitude  of  between  14  and  15,000  feet,  and  from  what  I 
learned  from  others,  I  should  say  that  at  this  altitude  the  atten- 
uated atmosphere  makes  a  long  stay  impossible  for  some,  while 
even  for  the  healthiest,  the  conditions  of  life  begin  to  be  such 
as  to  render  continuous  hard  work  scarcely  possible.  At  the 
same  time,  the  mountain  condenses  about  itself  continuous 
clouds,  so  that,  except  during  a  brief  period  in  the  autumn, 
the  opportunities  for  observation  are  far  rarer  than  on  the  plains. 
A  dry  climate  and  a  table  land  at  an  elevation  of  something 
like  10,000  feet,  sheltered  on  the  side  of  the  prevalent  winds 
by  a  mountain  range  which  precipitates  their  moisture  in  clouds 
that  rarely  advance  beyona  the  observer's  horizon,  appear  to 
J  be  the  most  promising  conditions  in  our  present  knowledge. 
J  Upon  the  whole,  then,  though  the  ideal  station,  where 
I  atmospheric  tremor  does  not  exist,  and  the  observer  pursues 
F  bis  studies  in  an  ever-transparent  sky,  is  not  to  be  found  on 
any  part  of  the  earth's  surface  yet  examined,  we  find  within 
our  own  territory  in  the  dry  and  elevated  table  lands  of  Col- 
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«)ra(lo  or  New  Mexico,  every  condition  which  experience  points 
out  an  favorable  We  shall  find  in  the  same  territory  con- 
tigur)Urt  stations  under  not  dissimilar  circumstances,  where 
th<tf4ft  favorable  conditions  do  not  exist:  and,  where  so  much 
is  dep<jn(lent  ujxjn  a  judicious  choice,  the  prece^Jing  observa- 
tions, I  hope,  may  in  spite  of  their  incompleteness,  furnish  use* 
ful  material  for  a  more  exact  qualitative  compariscin,  than  has 
heretofore  been  practicable. 


Art.  IV. — On  the  Antiquity  of  Certain  Svlordinate  Types  of 
Fresh-water  and  Land  Mollusca ;  by  C.  A.  White,  Paleon- 
tologist to  the  [j,  S.  National  Museum. 

Among  existing  fresh-water  and  land  Mollu.sca  there  are  cer- 
tain comprehensive  genera,  which  may  be  divided  into  a  greater 
or  less  number  of  more  or  less  di.stinctlv  definable  groups,  that 
are  respectively  recognizable  by  certain  common  characteris- 
tics, less  conspicuous  than  those  which  separate  the  larger  gen- 
era from  each  other.  These  minor  groups  have  h>een  treated 
as  genera,  sub-genera,  or  as  .still  less  important  sections,  by  the 
various  authors  who  have  discussed  them,  according  to  the 
individual  estimate  that  has  been  place^l  upon  the  relative 
value  of  the  characters  by  which  they  are  recognized.  It  is 
my  present  purpose,  not  lo  discus?  the  value  of  these  distinc- 
tions as  means  of  zoological  classification,  but  to  show  that  a 
considerable  number,  not  only  of  the  larger  genera  of  living 
North  American  fresh- water  and  land  Mollusca,  but  also  a 
large  proportion  of  the  minor  or  suVjordinaie  types  which  those 
genera  respectively  embrace,  had  their  origin  as  such,  at  least 
as  early  a.**  the  closing  epochs  of  the  Cretaceous,  or  the  imme- 
diately following  epocas  of  the  E«xierie  Tertiary  Period. 

The  fossil  collections  uj^on  which  these  observations  are 
basixl,  and  which  alone  are  referred  Vy  in  the  following 
riMiuirks,  are  those  which  have  been  obiaine^i  by  the  different 
U.  S.  Government  Surveys  in  the  western  portion  of  our  na- 
tional domain.  The  strata  which  have  firr.:sbed  these  fossils 
ar\\  in  the  :isoending  order.  tLose  of  t'^e  Fox  Hills.  Laramie, 
Wahs;Uoh.  Green  River  and  Bndzer  lt^-iis.  The  first  named 
of  ihesi*  gix^ups  is  ur.'raes::oLa'r.''.y  Creui.e'jus,  and  the  three 
last  ar^*  as  unquestionarly  E:-:ene  Tortiiry.  The  second  I 
tv^rd  sis  repre^on:iLg  a  :ra'^s:tior:ai  er-:-ch.  I  -:  some  geologists 
.iss^^u  it  to  the  Cre:ace«jus  t'cri- -i  beiiis^  if  the  presence  of 
iincK!^uriau  rt^:r.r;ir.s  in  its  striata.  Ot'iers  r^fer  it  to  the  Ter- 
"larv.  b^vauso  of  the\b.aracteristies  of  iis  f  .ri'.  remains.  It  is 
^^iiBcieas  for  mv  prfser.t  r^urtose  :■:•  sav  t:.?.t  t'r.e  molluscaa 
Yp«^  ietv  discussed  are  iour..i  in  strata  whijL  rai*ge  from  the 
JnsaL'tioas  \o  theckHe of  the  Eocene.  Ilc! jslre. 
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The  comprehensive  genera  that  embrace  the  minor  types 
which  are  nere  more  especially  discussed  or  referred  to  are 

I  UmnceOy  Planorhis^  Phym^  Helix^    Pupa^  Succinea  and   Unio. 

i  The  minor  types  that  may  be  mentioned  as  having  representa- 
tives among  tne  fossil  collections  already  referred  to  are  espe- 
cially noticeable  among  the  pulmonate  Gasteropoda  and  the 
Unionidax  The  principal  examples  of  the  former  are  indica- 
ted by  th^  following  list  of  the  names  by  which  the  types  are 
known  and  which  have  been  applied  to  them  by  different  au- 
thors  in  either  a  generic  or  sab-generic  sense.  These  examples 
by  no  means  represent  even  approximately  the  full  molluscan 
hnaae  of  which  they  form  a  part,  but  they  are  selected  for  the 
special  purpose  already  indicated. 


Ldoudna 
1.  AeeiUa  Haldemm. 
S.  LqpMimnea  Swainson. 
3.  LimmophfM  fltdnger. 


Planobbwa 
4.  PknoHna  (tn>ioalX  Guettard. 
6.  Baikifomf^ahu  Agassis. 
C  (TynwAtf  Agassiz. 

*  PUfttlMJL 

Y.  Pkff9a  (typical)  Draparcaad. 
8.  Ailittttf  Adanson. 


Heuoikjb. 
9.  Aglaia  Albers. 

10.  AriaiUa  Leach. 

11.  Patula  Haldeman. 

12.  StrdbHa  Morse. 

13.  Triodopaia  Raflneeque. 

U.  iMCocheHa  Alh^ftMart 

16.  PupiUa  Leach. 

16.  Bdhsjriraf  Albers.* 

SUCOINA 

1*7.  Brachyspira  Pfeiifer. 


It  should  be  mentioned  that  these  subordinate  types  were 
oriffinally  recognized  among,  and  their  names  applied  wholly 
to,  living  forms.  The  discovery  of  fossil  forms  of  those  typ^ 
is  t  gratifying  confirmation  of  their  genuineness  (time  being 
the  crucial  test  of  permanency),  and  proof  of  the  sagacity  of 
thdr  authors. 

AceUa  is  represented  by  A.  Ealdemani  Whitef  from  the  Lar- 
amie strata  or  Bear  River  Valley,  Wyoming.  With  the  prob- 
ible  exception  of  an  undescribed  form  in  the  Green  River 
strata  of  Wyoming,  no  other  fossil  species  of  that  type  is  yet 
known ;  but  the  lAmruxa  {Pleurolimncea)  tenuicostala  of  Meek 
and  Hayden,  from  the  Laramie  strata  of  Montana,  is  a  closely 
allied  form.  Limnana  {Leptolimnea  t)  minuscula  White,  from  the 
Green  River  strata  of  Wyoming,  appears  to  possess  the  char- 
acteristics of  Leptolimnea  Swainson.  The  earliest  known  spe- 
cies of  TAmnophysa  is  L,  nitidula  Meek,  which  is  associated 
with  Acella  Eaidemani,  just  mentioned.  Two  other  species 
from  the  Green  River  group  of  Wyoming  are  referred  to  that 
^pe,  namely,  L.  vetnsta  and  L.  similis  Meek. 

*  JSMofpmz  is  placed  here  under  the  Pupince  only  conventionallj. 

f  Tbe  species  herein  mentioned  are  described  and  in  part  figured,  in  the  follow- 
m%  publications:  Annual  Reports  U.  S.  Geol.  Sur.  Terr. ;  vol.  ix,  (4to  Ser.)  of 
ttt  SHne;  Bulletin  of  the  same ;  Powell's  Rep.  Geol.  Uinta  Mts.;  U.  S.  Ezpl.  and 
te.  west  or  tlie  100th  Merid..  vol.  iv;  U.  S.  GeoL  Sur.  40th  ParalleL  vol.  iv; 
8bipoii*s  Rep.  Great  Basin  Utah ;  and  Proc  U.  S.  National  Museum,  vol  iii. 
(Bba  latter  now  in  preea). 
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Planorbis  proper  is  represented  by  P.  cequalts  White,  in  the 
Green  River  strata  of  Wyomine.  JBaifiyomphalun  has  two  rep- 
resentatives, namely,  P.  (R)  Kanahenais  White,  and  P,  {B,) 
?lanocanvexus  Meek  &  Hayden ;  both  in  the  Laramie  Group, 
'he  former  comes  from  Southern  Utah,  and  the  latter  from 
Montana.  Oyraulus  appears  to  have  several  representatives  in 
both  the  Laramie  and  Green  River  strata;  but  0,  mUitaris 
While,  from  strata  probably  of  the  Laramie  period,  fe  the  only 
one  yet  published. 

A  considerablenumberof  species  of  the  Physinae  are  known  in 
the  Laramie,  Wahsatch  and  Green  River  groups,  and  the  sub- 
family was  well  established  before  the  first  named  period.  It  is 
an  interesting  fact,  in  confirmation  of  the  latter  statement,  that  a 
typical  species  of  Physa,  P,  Carletoni  Meek,  has  been  found  in  est- 
uary strata  at  Coalville,  Utah,  which  rest  upon  marine  Cretaceous 
strata,  and  have  more  than  1 ,000  feet  of  similar  marine  Cretaceous 
strata  resting  upon  them.  This  is  the  earliest  Physa  known  in 
American  strata.  Physa  pleromatis  White,  is  a  widely  distribu- 
ted species  in  the  Wahsatch  group  of  Wyoming,  Colorado  and 
Utah,  but  true  Physa  is  not  common  in  the  Laramie  group, 
although  that  genus  prevailed  both  before  and  after.  In  4he 
last  named  group  Bulinus  is  somewhat  common ;  B.  atavus 
White,  and  B.  svbelongatus  Meek  &  Hayden,  being  published 
examples. 

The  Helieince  appear  to  have  been  almost  as  diversely  diflFer- 
entiated  during  the  Laramie,  Wahsatch  and  Green  River 
epochs  as  they  are  at  the  present  day  ;  no  less  than  five  of  the 
subordinate  types  embraced  in  that  sub-family  having  been 
more  or  less  satisfactorily  recognized  among  the  molluscan  fau- 
nae of  those  epochs.  Aglaia  is  represented  by  Helix  peripheria 
White,  in  the  Green  River  group  of  Utah  ;  and  Arianta  by  A 
reparia  White  in  the  same  group  of  Southern  Wyoming.  Hdiz 
Kanabensis  White,  seems  to  possess  the  distinguishing  charac- 
teristics of  Slrobila.  It  occurs  in  the  upper  part  of  the  Lara- 
mie group  of  Southern  Utah.  Paiula  is  represented  by  Helix 
sepulia  White,  in  the  coal-bearing  strata  of  Evanaton,  Wyo- 
ming, which  belong  either  to  the  upper  part  of  the  Laramie 
group,  or  the  base  of  the  Wahsatch,  probably  the  former ;  and 
apparently  also  by  an  undescribed  species  in  the  Green  River 
group  of  Wyoming.  Triodopsis  is  represented  by  Helix  Evan- 
stonensis  White,  which  is  associated  with  H.  sepulta,  just  men-, 
tioned. 

The  Pupince  have  been  recognized  only  in  the  Green  River 
and  Bridger  group ;  four  species  only  having  yet  been  discov- 
ered. The  true  character  of  the  aperture  has  been  ascertained 
only  in  one  of  these,  and  they  are  therefore  assigned  to  the 
types  mentioned,  with  some  doubt     Their  diverse  forms,  how- 
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ever,  indicate  that  a  wide  differentiation  had  taken  place  in  the 
Pupinm  at  that  early  time.  Pupa  arenula  and  P.  atavuncula 
White,  discovered  in  the  Green  River  strata  of  Wyoming,  are 
referred  provisionally  to  PsptUa,  and  an  associated  species  Pupa 
incolata  White,  to  Lucocheila,  Mr  Meek  referrea  his  Pupa 
Letdyi  doubtfully  to  Holospira,  It  is  from  the  Bridger  strata  of 
Wyoming. 

Only  one  species  of  the  Succinince  has  yet  been  discovered  in 
any  of  the  strata  here  considered,  nanJely,  Succinea  papilUspira 
of  the  Green  River  strata  of  Wyoming.  This  is  plainly  refera- 
ble to  Brachf/spira. 

The    UnionidcR  of  the  fossil  molluscan  faunae,   herein   dis- 
cussed,  are  found  to  have  become  differentiated  to  a  remarka- 
ble extent,  especially  during  the  Laramie  epoch.     An  exceed- 
ingly  interesting  and  suggestive  fact  in  connection  with  this 
differentiation  is  that  the  subordinate  types  are  largely  indenti- 
cal  in  character  with  some  of  those  which  are  now  hving  in  the 
waters  of  the  Mississippi  River  system,  and  which  are  recog- 
nized by  malacologists  as  distinctively  North  American  types, 
niostrative  of  this  relation  of  the  fossil  to  the  recent  forms,  the 
following  parallel  lists  are  presented,  those  of  the  left-hand  col- 
umn being  a  part  of  the  fossil  species  now  known  in  the  Lara- 
mie strata  of  Wyoming  and  Utah ;  and  those  of  the  right-hand 
column  being  the  living  species  of  the  Mississippi  River  system 
which  are  selected  as  their  respective  type-congeners. 

Unio  propheUau  White.  U.  davua  Lamarck. 

U.  proavitus  W.  U.  ridibundus  Say. 

U.  ffoniofwius  W.  U.  muUiplicatua  Lea. 

U.  holmesianua  W.  U.  apiadcttus  Saj. 

U.  Coueai  W.  U.  compUinatua  Solander. 

U.  EndiickiW.  U.  giblnu  Barnes. 

U,  broichyopisthus  W.  U,  circtUus  Lea. 

Still  other  examples  might  be  given  of  close  resemblances 
between  fossil  and  recent  forms  of  Unio^  but  these  suffice  to  sug- 
gest, in  a  very  forcible  manner,  that  the  Unione  fauna  of  the 
Mississippi  River  system  is  genetically  related  to  that  of  the 
Laramie  period.  It  is  true  that  in  the  Lammie  fauna  there  are 
certain  minor  types  of  Unto  which  are  not  so  closely  like  any 
living  forms  as  those  are  which  have  been  cited,  and  that  close 
congeners  of  certain  living  types  have  not  been  discovered 
among  the  fossil  forms ;  but  these  facts  do  not  necessarily  affect 
the  legitimacy  of  the  conclusion  that  the  living  has  genetically 
descended  from  the  fossil  fauna.  A  like  conclusion  is  also 
reached  with  reference  to  the  pulmonate  gasteropods  wliich 
have  already  been  discussed  ;  but  in  view  of  the  magnitude  of 
the  physical  changes  which  have  taken  place  since  the  close  of 
even  the  latest  epoch  here  considered,  the  survival  of  the  types 
of  the  branchiferous  Mollusca,  and  their  transference  from 
lacustrine  to  fluvatile  waters,  is  a  most  remarkable  circumstance. 
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Reviewing  the  collections  which  represent  the  fossil  faunae 
herein  discussed,  so  many  familiar  forms  are  seen  that  it  is  dif- 
ficult to  realize  the  fact  that  a  large  proportion  of  them,  includ- 
ing those  especially  which  have  oeen  mentioned  by  name  in 
this  article,  were  living  contemporaneously  with  the  last  of  the 
Dinosaurs.  Yet  such  is  the  fact,  and  the  shells  of  the  former 
are  often  found  commingled  with  the  bones  of  the  latter.  What 
were  the  successive  steps  in  the  history  of  the  transmission  of 
these  types  from  that  remote  time  to  the  present  we  are  unfor- 
tunately without  the  means  of  knowing  with  certainty,  because 
of  the  remarkable  paucity  of  molluscan  remains  in  all  the  de- 
posits of  the  great  interior  region  later  than  the  Eocene.  All 
the  molluscan  remains,  which  have  been  found  in  these  later 
deposits,  belong  to  familiar  living  types,  although  of  extinct 
species. 

That  the  palustral  and  land  pulmonates  might  have  been,  and 
perhaps  were,  preserved  under  immediate  conditions  differing 
from  those  which  insured  the  survival  of  the  Unionidse  is  evi- 
dent; but  certain  facts  point  to  the  conclusion  that  the  peculiar 
** North  American"  types  of  Uniones  which  prevailea  in  the 
Laramie  epoch  were  not  transmitted  through  the  Eocene,  Miocene 
and  Pliocene  epochs  as  denizens  of  the  fresh-water  lakes  which 
succeeded  the  brackish  water  of  the  Laramie  sea,  and  each 
other,  in  their  occupancy  of  a  great  part  of  the  interior  region 
of  North  America,  up  to  at  least  near  the  close  of  the  Pliocene 
epoch.  The  Eocene  fresh-water  deposits  contain  a  considera- 
ble number  of  species  of  Unio^  it  is  true,  but  they  are  all,  so 
far  as  known,  of  a  smooth  surface  and  oval  form,  and  consti- 
tute a  type  which,  although  common  among  living  Uniones,  is 
exceedingly  rare  if  not  entirely  wanting  in  the  Laramie  group. 
The  conclusion  therefore  seems  necessary  that  those  peculiar 
and  varied  forms  of  Unto  which  have  been  mentioned  in  the 
preceding  list,  with  their  faunal  molluscan  associates,  escaped 
from  the  Laramie  lacustrine  waters  before  the  close  of  that 
epoch,  into  those  fluviatile  waters  which  formed  the  outlet  to 
the  lacustrine,  and  which  became  a  part  of  the  Mississippi 
drainage  system,  as  the  elevation  of  the  continent  progressed.* 

The  magnitude  of  the  physical  changes  which  have  taken 
place  upon  the  North  American  continent  since  the  epochs  in 
which  the  Mollusca  lived,  which  are  discussed  in  this  article, 
has  already  been  referred  to.  These  changes  were  no  less  than 
the  gradual  desiccation  of  the  region  formerly  occupied  by 
great  inland  lakes,  which  for  magnitude  have  now  no  equals 
upon  the  earth ;  the  elevation  of  the  whole  Rocky  Mountain 
system,  and  the  establishment  of  the  present  great  interior 
nver  systems.     Through  all   these  changes  these  molluscan 

*  Tliis  subject  is  discussed  at  some  leng^  in  BuU.  tJ.  8.  G^ol.  Sur.  Terr.,  ycH, 
iU,  p.  615. 
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^pes  have  come  down  to  us  in  unbroken  lines  some  of  which, 
to  speak  figuratively,  were  of  remarkable  tenuity.  It  is  true 
there  has  been  a  dropping  out  of  some  of  the  earlier  associated 
types  and  an  introduction  of  new  ones  as  the  epochs  passed, 
but  the  lines  of  descent  of  the  numerous  types  which  have 
reached  us  unbroken,  seem  to  be  almost  parallel,  so  little  have 
they  changed  with  the  lapse  of  time.  So  slightly  divergent 
are  these  lines,  considered  as  lines  of  differentiation,  that  if 
we  bound  them  all  by  two  imaginary  straight  lines,  we  shall 
have  an  evolutional  parallax  that  would  carry  back  the  origin 
of  these  types  to  a  period  inconceivably  remote.  We  must 
therefore  conclude  that  their  origin  was,  at  least  in  some 
degree,  saltatory ;  but  the  real  conditions  under  which  they 
originated  must  probably  always  remain  obscura  I  have, 
however,  elsewhere*  suggested,  that  the  differentiation  of  the 
Unionidse  took  place  under  the  influence  of  salt  in  the  water 
in  which  they  lived;  but  it  is  plain  that  this  explanation 
will  not  apply  to  the  case  of  the  palustral  and  land  mollusca. 


Art.  V. — Description  of  a  new  Position  Micrometer  ;  by 

Leonabd  Waldo. 

There  has  lately  been  added  to  the  instrumental  equipment 
of  the  Winchester  Observatory  of  Yale  College,  a  position 
micrometer,  of  a  new  design,  though  the  separate  ideas  embod- 
ied in  it  I  have  gathered  from  other  observers'  experience  as 
well  as  my  own.f 

There  are  two  sources  of  trouble  in  the  filar  micrometer  as 
ordinarily  constructed.  The  unguent  used,  if  it  has  enough 
body  to  it  to  be  really  serviceable,  becomes  waxy  and  stiff  in 
the  cold  of  winter's  nights.  As  a  result,  the  screw,  whether 
bearing  at  its  point  or  at  a  shoulder,  only  gradually  comes  to 
a  fixed  position  as  it  is  turned.  The  spring  which  is  used  to 
take  up  the  dead  motion  of  the  screw  varies  its  pressure  from 
one-fourth  to  three-fourths  or  more  of  its  whole  amount  as  the 
micrometer  frame  is  moved  from  one  end  of  its  box  to  the  other 
end. 

In  the  micrometer  about  to  be  described,  both  of  these  diffi- 
calties  seem  to  be  overcome.  The  screw  bears,  without  any 
unguent,  against  an  agate  plane,  and  the  pressure  of  both  the 
spnngs  is  practically  constant  in  any  position  of  the  micrometer 
frame,  which  is  liable  to  occur  in  actual  use.  In  the  sketches, 
8^  represents  the  screw  which  is  19  cm.  long,  and  8  mm.  in  diam- 

•  BuU.  U.  a  Geol.  Suit.  Terr.,  vol.  iii,  p.  623. 

f  I  am  prindpallj  indebted  to  Professors  LTmaii  and  Harkness,  and  the  Messrs. 
RepsoAd. 

Am.  Joub.  Sol^Thibd  Sbbus,  Vol,  XX,  No.  115.— Jttlt,  1880. 
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eter  at  the  part  where  the  thread  is  cut  The  thread  is  cut  for 
a  length  of  14*3  cm.  and  is  evidently  meant  to  be  80  revolu- 
tions to  the  inch.  The  frame  FF  which  carries  the  movable 
webs,  is  cut  its  whole  length  as  a  matrix  through  which  ihe 
screw  works ;  and  in  order  that  this  frame  shall  have  no  dead 
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motion,  there  is  a  small  matrix,  n,  about  1  mm.  distant  from  it, 
which  is  prevented  from  rotating  as  the  screw  is  turned,  and 
against  which  the  spring  a'  pressea  This  spring  having  one  end 
screwed  to  the  frame,  and  the  other  end  pressing  against  the 
small  matrix,  tends  to  push  them  together,  and  thus  the  dead 
motion  of  both  is  destroyed. 


The  end  of  the  screw  at  /Sis  held  firmly  against  an  adjustable 
agate  plane  at  p,  by  means  of  a  second  spring  a  which  acts 
against  a  collar  m.  This  spring  needs  to  be  quite  stiff,  for  in 
one  position  of  the  micrometer  box  the  weight  of  the  screw  and 
frame  must  be  supported  by  it. 

An  adjustable  agate  jewel  at  J\%  the  only  point  upon  which 
the   frame  rests  upon  its  box;    and  as  pointed  out  by  Lord* 
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Lindsay*  this  form  of  mounting  the  frame  is  most  likely  to 
secure  permanency  in  the  errors  of  the  screw,  so  that  when 
once  determined  they  may  be  assumed  to  remain  constant  for 
long  intervals. 

The  micrometer  frame  ffff  may  be  moved  in  the  grooved 
bearings  &&&'&'  by  a  screw,  which  is  not  shown  in  the  sketch, 
opposing  the  micrometer. 

The  eye  pieces  also  have  a  parallel  motion  by  rack  and  pinion. 
The  screw  head  may  be  read  by  two  pointers  d  and  d\  and  the 
whole  revolations  are  registered  by  a  toothed  wheel  which  geard 
into  the  thread  cut  on  the  micrometer  head  and  shown  at  c  c. 
The  milled  head,  m  m,  is  larger  than  the  disc  carrying  the 
graduations.  The  bright  web  illumination  is  effected  in  a 
manner  similar  to  that  adopted  by  Alvan  Clark  &  Sons.  There 
is  an  aperture  at  i  protected  by  a  glass  cover  and  a  similar  one 
at  i*  which  allows  the  light  from  a  lamp  to  impinge  on  the  webs 
in  the  frame. 

The  position  circle  reads  by  two  verniers  to  30"  and  is  pro- 
Yided  with  a  coarser  graduation  to  single  degrees.  The  work- 
manship throughout  is  in  the  highest  degree  creditable  to  its 
makers,  Messrs.  Fauth  &  Co.  of  Washington,  D.  C. 

The  following  observations  on  the  revolutions  of  the  screw 
between  22*50  rev.  and  27 '50  rev.  were  made  with  the  micro- 
scope comparator  I  have  previously  described.f 


I. 

IL 

III. 

IV. 

R«y. 

22-500 

22-750 

23000 

'250 

•600 

23-750 

24-000 

•250 

•600 

24760 

25-000 

•250 

-500 

25-750 

26-000 

•250 

-500 

27-750 

27*000 

-250 

27-500 

d. 

5-07 
4-95 
503 
512 
510 
500 
6-03 
5-05 
5-07 
508 
4-97 
5-16 
503 
500 
5-06 
5-05 
503 
610 
6-03 
5-07 

d. 

+  002 
-0-10 
-002 
+  0-07 
+  005 
-005 
-002 

000 
+  0  02 
+  003 
-008 
+  011 
-0-02 
-005 
+  0^01 

000 
—002 
+  005 
-002 
+  002 

• 

mm. 

+  0-00031 
-0-00157 
-000031 
+  0-00110 
+  0-00079 
—000079 
—000031 

0-00000 
+  0-00031 
+  000047 
-000126 
+  000173 
+  000031 
-000079 
+  000016 

000000 
-000031 
+  000079 
-0-00031 
+  000031 

♦  Dun.  Echt  Obs.  Pub.,  voL  ii,  p.  53. 

t  Proc  Am.  Acad.  Arte  and  Sci.  Boat,  vol.  xiii,  for  1877-78,  p.  352. 
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Colamn  I  gives  the  readings  of  the  position  micrometer. 
Column  II,  which  is  the  mean  of  three  readings,  is  the  value  in 
terms  of  the  microscope  micrometer  scale  of  the  interval  0'260 
rev.  occurring  between  the  two  successive  readings  of  the  posi- 
tion micrometer.  Column  III  is  the  deviation  of  these  intervals 
from  the  mean  in  terms  of  the  microscope  micrometer.  Column 
IV  gives  these  deviations  expressed  in  millimeters. 

The  small  residuals  in  column  IV  would  apparently  indicate 
that  there  are  no  greater  errors  to  be  apprenended  from  this 
form  than  from  the  ordinary  construction,  and  it  seems  to  pos- 
sess very  marked  advantages  for  use  in  all  observations  which 
are  carried  throughout  the  year,  and  where  the  micrometer  will 
be  used  on  the  same  objects  under  the  diverse  conditions  of 
winter  and  summer.  This  would  seem  to  be  particularly  de- 
sirable for  researches  upon  the  stellar  parallaxes. 


Akt.  VL — On  Boltzman^s  Method  for  Determining  the  Velocity  of 

an  Electmc  Current;  by  E.  H.  Hall. 

In  the  June  number  of  this  Journal  is  mentioned  a  note 
relative  to  the  velocity  of  electricity,  published  by  Prof.  Boltz- 
man  in  the  Kaiserliche  Akademie  der  Wissenschq/len  in  Wien^ 
Jan.  15th,  1880.  In  this  note  Prof.  Boltzman  points  out  a 
method  by  which,  as  he  thinks,  the  absolute  velocity  of  current 
electricity  may  be  determined  from  the  results  furnished  by 
the  study  of  a  phenomenon  lately  described  in  this  Journal* 
under  the  title,  **A  New  Action  of  the  Magnet  on  Electric 
Currents."  Quite  recently  there  has  appeared  in  the  Kais, 
Akad.,  etc.,  an  account  of  experiments  and  calculations  made  by 
Albert  v.  Ettinghausen,  whereby  he  deduces  for  the  electrical 
current  sent  by  "one  or  two  Daniels'  cells  "  through  his  strip 
of  gold  the  velocity  1*2  mm.  per  second. 

Unless  I  have  misunderstood  Prof.  Boltzman's  note,  how- 
ever, there  is  a  fatal  objection  to  the  fundamental  assumption 
which  he  makes.  I  will  give  very  briefly  his  method  of  rea- 
soning as  I  understand  it 

We  know,  as  Prof.  Boltzman  says,  that  a  conductor  bearing 
a  current  is  acted  upon  by  a  force  tending  to  move  it  in  a  direc- 
tion at  right  angles  to  the  direction  of  the  magnetic  force  acting 
upon  it  We  know,  moreover,  from  the  new  phenomenon  that 
there  is  at  the  same  time  a  difference  of  potential  set  up  be- 
tween points  on  opposite  sides  of  the  conauctor,  and  that  the 
electromotive  force  thus  arising  is  in  the  same  line  as  the  above 
force  acting  upon  the  conductor. 

Consider  now  any  particle  of  electricity  in  the  oonductor.^ 

*  March,  1880,  p.  200. 
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It  is  acted  apon  by  the  newly-discovered  transverse  force,  tends 
to  move  accordingly,  and  tends  to  draw  the  conductor  with  it 
Imagine  enoagh  particles  of  electricity  crowded  into  the  con- 
doctor,  and  we  nave  the  explanation  of  the  familiar  action 
between  magnets  and  conductors  bearing  currents.  Knowing, 
therefore,  the  strength  of  our  magnetic  field,  the  strength  of 
the  primary  current  and  the  consequent  difference  of  potential 
on  opposite  sides  of  the  conductor,  we  can  calculate  exactly 
the  amount  of  electricity  contained  in  unit  length  of  the  con- 
ductor, at  any  moment  while  the  current  is  flowing.  Knowing, 
moreover,  the  amount  of  electricity  passing  through  the  con- 
ductor in  unit  of  time,  which  quantity  is  of  course  what  we 
call  the  strength  of  the  current,  it  is  a  perfectly  simple  matter 
to  determine  nie  velocity  of  the  current. 

This  question  meanwhile  presents  itself.  If  the  very  slight 
difference  of  potential  existing  between  opposite  sides  of  the 
conductor  is  sufficient,  when  acting  upon  the  electricity  con- 
tained within  the  conductor,  to  cause  the  strong  action  which 
everyone  has  observed  between  magnets  and  conductors  bear- 
ing currents,  why  is  there  not  an  enormously  greater  force 
always  acting  upon  the  conductor  in  the  direction  of  the  pri- 
mary electromotive  force  and  primary  current? 

To  get  a  more  definite  view  of  the  matter,  suppose  we  send 
through  a  strip  of  gold  leaf  a  centimeter  wide  and  of  any 
length  a  current  of  strength  OS  (cm-grm-sec),  and  place  the 
strip  in  a  magnetic  field  of  strength  4000.  A  certain  diflfer- 
ence  of  potential  would  now  be  observed  between  points  oppo- 
site eacn  other  on  the  edges  of  the  strip.  This  dificrence  of 
Sotential,  E',  would  in  the  case  imaginea  be  perhaps  ^oVir  ^^^ 
ifference  of  potential,  E,  for  two  points  a  centimeter  apart  in 
the  line  of  the  main  current  Now,  the  force  acting  upon  a 
unit  length  of  the  conductor  to  move  it  across  the  lines  of 
magnetic  force  would  be  4,000  X  '05  =200  dynes. 

This  force  everybody  knows  to  exist  Let  us  suppose  for 
the  moment,  with  Prof.  Boltzman,  that  it  is  due  to  the  differ- 
ence of  potential  E'  acting  upon  the  electricity  in  the  con- 
ductor. But  now  we  have  the  difference  of  potential  E,  8,000 
times  as  great  as  E',  acting  upon  the  same  electricity  but  acting 
in  the  direction  of  the  current 

To  be  consistent,  therefore,  we  must  look  for  a  force  in  this 
direction  equal  to  3,000  X  200  =600,000  dynes,  a  force  equal 
to  the  weight  of  about  600  grams,  acting  upon  each  unit 
length  of  the  gold  leaf  strip.  Thus  in  following  out  Proi 
Boltzman's  assumption  to  what  seems  to  me  its  necessary  con- 
sequences we  are  led  to  a  manifest  absurdity. 

Another  objection  to  the  above  assumption,  and  a  serious 
one  apparently,  is  found  in  a  fact  not  known  to  Prof.  Boltzman 
when  nis  note  was  written. 
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The  transverse  electromotive  force  in  iron  is  opposite  in 
direction  to  that  in  gold.  According  to  the  theory  proposed, 
therefore,  an  iron  wire  bearing  a  current  should  move  across 
the  lines  of  magnetic  force  in  a  direction  contrary  to  that 
followed  by  wires  of  other  materials,  which  it  does  not  do. 

In  view  of  these  difficulties,  it  seems  hardly  possible  at 
present  to  accept  Prof.  Boltzman's  method  of  calculating  the 
velocity  of  electricity. 

Anyone  desiring  to  see  Prof.  Boltznian's  note  will  find  a 
translation  of  the  same  in  the  Philosophical  Magazine  of  April, 
1880,  p.  308.  A  rather  confusing  inaccuracy  in  translation  is, 
however,  to  be  found  about  the  middle  of  page  308  in  the 
sentence,  **  Hence,  if  the  force  above  denoted  by  K  xUelf  acts 
upon,  etc.*'  This  should  read,  "Hence,  if  the  force  above 
denoted  by  K  acts  upon  the  movable  electricity  itself  in  the 
gold  leaf,  etc"  The  position  of  the  pronoun  is  here  a  matter 
of  considerable  importance,  as  anyone  will  see  who  reads  Prof. 
Boltzman's  note  with  care. 


Art.  VII. — Minerahgical  Notices ;  by  Charlbs  Upham  Shep- 
ard, Emeritus  Professor  of  Natural  History  in  Amherst 
College. 

1.  A  peculiar  mineral  of  the  Scapolite  family. 

The  substance  here  described  was  sent  to  me  by  that  zealous 
mineralogist,  Mr.  John  G.  Miller,  of  East  Templeton,  Ottawa 
County,  Canada.  It  occurs  in  the  bluish  gray  saccharine  lime- 
stone of  Galway,  Ontario  County,  Canada.  It  had  been  refer- 
red with  a  query  to  chiastolite,  which  it  certainly  resembles  in 
several  respects.  It  presents  itself  in  distinct  and  rather  large 
crystals,  thickly  disseminated  through  the  cangue,  crossing 
each  other  in  various  directions.  Their  form  is  that  of  a  right 
square  prism,  with  truncated  lateral  edges.  Their  termina- 
tions are  imperfect,  and  when  well  defined  even,  are  still 
rough  and  drusy.  They  exhibit  no  combinations  with  the 
prismatic  planes.  The  usual  habit  of  the  crystals  is  distinctly 
quadrangular,  though  in  the  larger  individuals  thw  are  octangu- 
lar, having  their  sides  about  equally  produced.  Their  length  is 
many  times  their  thickness ;  and  they  are  uniformly  straight 
and  sharply  defined.  The  largest  have  a  diameter  oi  an  inch, 
the  smallest  are  rarely  below  one-eighth  of  this  size.  They 
preserve  the  same  diameter  throughout  their  length,  with  the 
exception  of  a  single  example,  where  one  of  the  larger*  size, 
shows  a  tendency  to  a  regular  acumination.  The  length  of 
this  crystal  is  3i^  inches,  its  diameter  at  the  larger  extremity 
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being  half  an  inch,  and  at  the  smaller,  but  one-third.     All  the 
crystals   have  much  evenness    of    surface  and  considerable 
smoothness,   notwithstanding  a  slight  degree  of    pitting  or 
indentation,  which  almost  requires  a  microscope  for  observa- 
tion.    Thej  are  without  striation.     The  color  is  black,  with 
a  slight  intermixture  of  gray  and  blue.     In  a  few  instances  an 
area  of  cyanite-blue  occupies  a  face  of  the  larger  crystals,  but 
only  to  a  slight  depth  from  the  surface.     This  part  of  the 
crystal  is  semi-transparent;  while  for  the  rest,  the  entire  mineral 
is  dark  ash  gray  to  bluish  black,  and  only  translucent  on  the 
edgea     The  vertical  cleavages,  parallel  with  the  primary  prism, 
are  distinct,  though  efifected  with  difficulty.     They  take  place 
parallel  with  the  narrower  planes  in  the  quadrangular  pnsms. 
Only  traces  of  a  transverse  cleavage  exist.     A  marked  peculi- 
arity of  the  larger  crystals  is  the  regular  interlamination  of  thin 
films  of  white  calcite,  parallel  with  the  eight  sides  of  the  prisuL 
These  layers,  to  the  number  of  two  or  three,  are  equi-distant, 
thus  imparting  to  the  fractured  ends  of  the  crystals  a  checkered 
aspect,  strongly  suggesting  the  structure  of  chiastolite.*  Luster, 
resinous  to  vitreous.     Haraness  =  7* .  .  .  7*5.     Specific  grav- 
ity, 2608. 

A  very  striking  peculiaritv  of  the  mineral  is  the  extremely 
fetid  odor  occasioned  by  its  fracture ;  nor  does  this  cease  to  be 
emitted  until  the  fragments  are  reduced  to  an  impalpable 
powder.  The  color  of  the  powder  is  a  bluish  ash  gray.  It 
cannot  be  regarded  as  a  hydrated  mineral,  as  its  content  of 
water  does  not  exceed  1*6  p.  c.  By  exposure,  however,  to  full 
ignition  in  a  shallow  platinum  dish  for  several  hours,  it  loses 
4*6  p.  c,  this  loss  proceeding  from  the  presence  of  organic 
matter,  graphite,  ana  carbonic  acid  from  the  decomposition  of 
carbonate  of  lime.  The  powder  still  partially  retains  its  gray- 
ish tint  after  long  ignition ;  and  it  is  only  before  the  blowpipe 
that  the  portion  most  strongly  heated  loses  its  color.  The 
thinnest  part  then  undergoes  fusion,  attended  by  a  feeble 
ebullition,  into  a  colorless  transparent  glass. 

Owing  to  the  variable  paesence  of  graphite,  calcite  and 
qoartz,  the  chemical  examination  is  attendea  with  uncertainty. 
The  Si  varied  from  48-65  to  51-30 ;  the  a  from  13-45  to  19-62  ; 
the  (h  from  17-48  to  21*6,  and  the  Ti  from  4*35  to  5-21.  In  a 
single  trial,  iTa  4-35,  and  t  1-109,  Sg  0-468  were  obtained.  The 
powder  is  very  feebly  acted  upon  by  the  strong  acids. 

From  the  foregoing  it  would  appear  that  the  mineral  differs 
chemically   from   normal  seapolite,  and   especially   from   the 

*  Prof.  K.  &  Dana  has  kindly  made  a  section  of  one  of  the  crystals,  and  examined 
it  in  polarized  light  He  finds  **  the  hlack  color  to  be  due  to  foreign  matter,  pres- 
ent in  the  form  of  minute  grains  that  may  be  metallic^  making  up  no  small  part 
of  tfie  whole,"  and  is  of  the  opinion  that  '^  its  analysis  is  not  a  guide  to  the  real 
oompodlion  of  the  mineral" 
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vitreous  couseranite  of  Saleix  (Pyrenees)  analyzed  by  Pisani ; 
though  it  must  be  kept  in  mind  that  the  example  analyzed  by 
him  had  been  so  much  altered  as  to  have  its  hardness  reduced 
to  8.  I  am  therefore  led  to  regard  the  Galway  crystals  as  the 
original,  unaltered  mineral,  from  which  couseranite  and  dipyre 
hale  originated  through  hydration*  in  the  same  manner  as 
scapolite  has  given  rise  to  wilsonite,  huntite,  algerite  and 
terenite.  Should  it  prove  a  new  species,  I  propose  to  call  it 
Ontariolite, 

2.   Cassiterite  at  Coosa^  Ala. 

Among  the  smaller  fragments  and  grains  of  tantalite  from 
this  interesting  locality,  I  find  numerous  crystals  of  cassiterite, 
the  largest  of  which  do  not  exceed  the  size  of  a  pea.  Some  of 
them  are  well-formed  octahedral  crystals,  showing,  however, 
narrow  faces  of  the  primary  prism,  between  the  pyramids. 
When  heated  before  the  blowpipe  on  charcoal,  along  with  soda, 
metallic  tin  is  plentifully  afforded.  It  is  at  present  unknown 
whether  this  very  desirable  ore  exists  in  workable  quantity. 

8.    Yttro-tantalite, 

A  single  small  crystal  supposed  to  be  yttro-tantalite  was 
detected  along  with  the  cassiterite.  Its  form  is  that  of  a  ri^ht 
rhombic  prism  of  about  122°,  having  its  acute  terminal  an^es 
replaced  by  two  planes,  inclining  to  one  another  across  the 
obtuse  lateral  edge  of  the  prism  at  an  angle  of  very  near  125®. 
Specific  gravity  =6*001. 

4.  Note  upon  the  Paracolumbite. 

This  ambiguous  mineral,  whose  locality  at  Taunton,  Mass., 
was  lost  sight  of  for  many  years,  has  been  re-discovered ;  and 
still  continues  to  be  met  with  in  collections  under  the  above 
name.  The  analysis  of  Pisani  proved  that  it  had  no  chemical 
relation  to  columbite,  but  gave  a  result  not  altogether  satisfac- 
tory for  ilmenite,  (menaccanite)  to  which  he  referred  it  In 
view  of  its  decidedly  lower  specific  gravity  than  ilmenite,  its 
fusibility  before  the  blowpipe,  and  its  large  content  of  silicate 
of  alumina,  it  remains  undecidei  whether  it  properly  belongs 
where  Pisani  has  placed  it ;  and  I  would  therefore  suggest  that 
until  farther  information  is  obtained,  the  name  paracolumbite 
be  changed  to  para-ilmenite. 

6.  Semihedral  fomia  of  Staurolite. 

Among  the  large  and  perfect  crystals  of  this  mineral,  found 
loose  at  Morganton,  Ga.,  nemihedral  forms  are  not  unfrequent, 
both  as  single  and  compound  crystals.  The  hemihedism 
relates  to  the  alternate  obtuse  terminal  angles,  which  are  re- 
placed by  broad  single  planes. 

*  Poesibly  chiastolite  may  have  been  similarly  produced,  though   the  origin 
must  have  been  attended  with  a  more  radical  metamorphism. 
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the  free  bromine  produced  in  the  reaction  by  means  of  antimony, 
it  was  allowed  to  condense  in  the  receiver  with  the  bromide,  and 
a  crude  product  colored  by  bromine,  was  obtained,  which  weighed 
only  25  grams,  after  repeating  the  operation  fifteen  to  twenty 
times.  Subsequently  by  distilling  this  through  a  tube  containing 
antimony,  a  colorless  heavy  liquid  was  collected,  having  the  same 
penetrating  suffocating  odor  that  carbonyl  chloride  has,  and 
whose  vapor  caused  a  remarkable  swelling  up  of  the  vulcanized 
rubber  connections.  On  fractioning,  the  thermometer  rose  from 
12°  to  30** ;  proving  that  the  product  was  not  pure.  On  analysis, 
it  was  found  to  contain  carbonyl  chloride. — JBer.  Berl.  Chem,  Gres.^ 
xiii,  873,  May,  1880.  o.  f.  b. 

2.  On  the  Hydrate  of  Barium  dioxide. — Sch5nb  has  made 
farther  analyses  of  the  hydrate  of  barium  dioxide,  since  his 
formula  BaO  (H,0) ,  originally  ^iven  for  this  substance,  has  been 
doubted  by  Berthelot,  who  assigns  to  it  the  composition  BaO, 
(H.O),^  The  first  set  of  analyses,  in  which  he  was  assisted  by 
Gngoneff^  was  made  upon  the  product  obtained  by  the  spontane- 
ous decomposition  in  water,  of  the  compound  BaO, .  U,0„  at 
temperatures  between  14**  and  20®  C.  About  3 J  grams  of  the 
colorless  crystals,  prepared  by  mixing  ice-cold  solutions  of  am- 
monia and  of  hydrogen  peroxide  containing  barium  chloride, 
were  placed  in  a  flask  with  pure  water,  the  progress  of  the  decom- 
position being  observed  by  collecting  the  evolved  gas  in  a  gradu- 
ated tube.  During  the  first  seven  days  fifteen  to  thirty  c.c.  of 
gas  was  evolved  in  twenty-four  hours.  The  crystal  mass  became 
at  first  yellow,  and  then  colorless,  and  after  four  more  days,  dur- 
ing which  only  4  c.c.  of  gas  was  evolved  daily,  there  remained  a 
colorless  coarsely  crystalline  powder  of  the  pure  hydrate,  weigh- 
ing about  five  grams.  A  portion  was  dried  rapidly  by  pressure 
between  folds  of  paper.  A  second  portion  was  rapidly  dried  by 
wtshing  with  alcohol  and  ether.  Both  samples  on  analysis  gave 
the  formula  BaO  .  (H^O)^.  The  second  set  of  analyses  was  made 
on  crystals  obtained  by  pouring  a  dilute  solution  of  hydrogen 
dioxide  into  barium  hydrate  solution  in  excess,  all  the  operations 
being  conducted  between  0°  and  6°  C.  The  thin  crystal  plates 
were  dried  and  analyzed.  Allowing  for  a  small  quantity  of  car- 
bonate formed,  they  gave  the  formula  BaO,.  (H^O)^  like  the 
others.  Hence  this  may  be  regarded  as  correct,  corresponding 
S8  it  does  to  the  strontium  and  calcium  compounds,  which  are 
SiO, .  (H,0),  and  CaO, .  (H,0),.— ^er.  Berl  Chem.  Ges.,  xiii,  803, 
Apr.,  1880.  G.  F.  B. 

3.  On  Fkirfnran  and  Sylvan  171  Pine  wood  tar, — Atterberg 
has  further  examined  the  earlier  fractions  of  the  distillation  of 
pine  wood  tar,  in  which  he  discovered  the  terpenes,  australene 
tnd  sylvestrene.  The  most  volatile  portion  consisted  of  a  liquid 
of  characteristic  odor,  boiling  at  30°  and  having  a  sp.  gr.  of 
0*779.  Afler  distillation  over  sodium,  it  gave  72*71  C,  9  32  H, 
and  17*97  O,  and  had  a  vapor  density  of  69*5.  It  was  evidently  a 
mixture,  but  its  hehavior  toward  hydrochloric  acid  showed  it  to 
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contain  a  body  C^H^O,  discovered  by  Limpricht  in  1870  and  called 
tetraphenol,  a  name  subsequently  changea  by  Baeyer  to  furfuran. 
The  addition  of  this  acid  converts  it  at  once  into  a  solid  and  almost 
insoluble  powder.  Associated  with  this  was  a  hydrocarbon,  prob- 
ably a  valerylene.  The  next  higher  fraction  boiled  between  69° 
and  65**.  Distilled  from  sodium,  the  larger  part  of  it  boiled  at 
as**  to  63-6°,  gave  on  analysis  C  73-50,  H  8-78,  and  had  a  vapor 
density  81*4  to  81-7.  The  formula  C^H^O  requires  73-17  C  and 
7*32  U  and  a  vapor  density  of  82.  This  is  therefore  a  homoloffue 
of  furfuran,  and  the  author  calls  it  sylvan,  from  its  origin.  Most 
reagents  only  polymerize  it  giving  resinous  and  tarry  products. 
Permanganate  oxidizes  its  methyl  group  to  acetic  acid. — Ber, 
JSerL  Cnem.  Oes,^  xiii,  879,  May,  1880.  q.  f.  b. 

4.  On  Crystallized  anhydrous  Oxalic  acid, — ^The  common 
oxalic  acid,  as  is  well  known,  is  a  crystallized  hydrate  C,H,0^ . 
(HjO),,  which  loses  its  crystal  water  on  heating.  Villibrs  has 
observed  that  this  acid  may  be  obtained  in  beautiful  crystals  con- 
taining no  water  by  dissolving  it  in  small  quantities  in  warm  con- 
centrated sulphuric  acid,  about  one  part  of  oxalic  acid  to  twelve 
of  sulphuric.  After  some  days,  and  even  after  months  sometimes, 
octahedrons  are  deposited,  having  the  composition  C  H,0^.  They 
are  bulky  and  very  clear,  and  are  right  octahedrons  with  a 
rhombic  base,  generally  modified  by  the  face^  of  the  fundamental 
prism.  On  exposure  to  the  air,  the  crystals  rapidly  absorb  water 
and  lose  their  transparency,  taking  up  two  molecules  of  water, 
and  efflorescing  in  a  curious  manner.  A  furrow  is  formed  at  first 
along  each  of  the  edges  of  the  octahedron,  and  the  crystal  splits 
into  eight  tetrahedrons,  which  rapidly  fall  to  powder.  In  this 
octahedric  form  oxalic  acid  has  so  strong  an  attraction  for  water 
that  on  dissolving  it  in  ordinary  sulphuric  acid,  crystals  of  the 
hydrate  are  deposited.  It  sublimes,  giving  lon^  prisms  quite  dif- 
ferent in  appearance  from  the  crystals  obtained  by  solution. 
Whether  the  acid  is  dimorphous  the  author  has  not  been  able  to 
determine,  owing  to  the  minuteness  of  the  crystals. — BuU,  Soc, 
Ch.j  II,  xxxiii,  416,  May,  1880.  G.  f.  & 

6.  Cfn  the  Continuous  Preparation  of  Ethyl  Acetate. — ^Pabst 
has  devised  a  continuous  process  for  the  preparation  of  acetic 
ether,  analogous  to  that  by  which  ethyl  ether  is  made.  A  mix- 
ture of  60  c.c.  of  sulphuric  acid  and  50  c.c.  of  alcohol  is  intro- 
duced cold  into  a  retort,  and  then  by  means  of  a  funnel  tube 
closed  with  a  cock,  equal  molecules  of  alcohol  and  of  glacial  acetic 
acid — one  liter  of  alcohol  of  96  p.  c,  and  one  liter  of  acetic  acid 
of  98  p.  c. — are  allowed  to  run  into  it  slowly  as  soon  as  the  tem- 
perature has  reached  140°.  At  first  a  little  ethyl  ether  distills 
over,  but  then  a  liquid  begins  to  come  over  regularly  which  con- 
tains 86  p.  c.  of  acetic  ether.  The  reaction  begins  at  130**  to 
136",  and  at  146®  a  little  sulphurous  oxide  is  formed.  The  snlpb- 
ethylic  acid  formed  is  decomposed  by  the  acetic  acid  and  reformed 
again  by  the  alcohol  simultaneously  added.  The  distillate  is 
washed  with  a  saturated  solution  of  calcium  chloride,  dried  over 
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the  melted  salt,  and  fractionated.  In  one  operation  1350  grams 
of  pare  acetic  ether  was  obtained,  being  90  per  cent  of  the  theoreti- 
cal yield.  Methyl  acetate  is  readily  made  in  the  same  way,  but 
amyl  acetate  recjaires  too  high  a  temperature. — Bull.  Soc.  Oh.  II, 
xzxiii,  360,  April,  1880.  q.  f.  a 

6.  On  the  Alk€Uoi€is  of  BeUadonnaj  Datura^  Hyoscyamus  and 
Duboina. — Ladknburg  has  continued  his  researches  on  the  mydri- 
»tic — or  pupil-dilating — alkaloids.  He  finds  tjiat  Atropa  belles 
dtmna  contains  at  leai»t  two  alkaloids,  which,  on  account  of  their 
speciiic  gravities,  he  distinguishes  as  heavy  and  light  atropine. 
The  former  is  the  alkaloid  known  commonly  by  this  name, 
C^^H^NO,.  It  is  characterized  by  a  lusterless  gold  salt  fusing  at 
186*-137*.  The  latter  fuses  at  170®,  forms  a  scarcely  crystalline 
light  powder,  and  ^ves  a  gold  salt  fusing  at  159^  It  must  be 
eoDsidered  as  identical  with  hvoscy amine.  Datura  stramonium 
eootains  also  two  alkaloids,  which  also  may  be  distinguished  as 
heavy  and  light,  the  latter  predominating.  The  difficultly  soluble 
heavy  daturine  fuses  at  113*5*^-114®,  and  is  a  mixture  of  atropine 
tnd  nyoecyamine,  which  may  be  separated  by  re-crystallizing  the 

Sid  salts?  Indeed,  repeated  re-crystallization  of  daturine  from 
ute  alcohol,  ]^ields  pure  atropine.  Light  daturine  is  identical 
trith  hyoscyamine.  Jjyoscyamus  contains  two  alkaloids,  dis- 
tingaiflbed  as  orystalliue  and  amorphous.  The  former  gives  a  gold 
salt  in  brilliant  plates  fusing  at  159®,  and  not  fusing  in  bouing 
water  like  the  atropine  salt.  Hyoscyamine  itself  fuses  at  108*5®, 
fttropine  at  113*5®-114-5®.  ^Fhe  former  separates  from  its  solu- 
tions as  a  gelatinous  mass,  and  crystallizes  only  in  fine  needles. 
Amorphous  hyoscyamine  contains  a  new  alkaloid,  which  forms  a 
beautiful  gola  salt,  fusing  higher  than  those  of  atropine  or  hyos- 
cyamine. The  author  is  now  investigatiiig  it.  Duboisia  yields 
only  one  alkaloid,  duboisine,  which  the  author  has  already  identi- 
fied with  hyoscyamine. — Ber.  Berl.  Chem,  Ges.^  xiii,  909,  May, 
1880.  G.  F.  B. 

7.  On  the  Synthesis  of  Chinoline. — KoKNifts  has  given  a  new 
and  more  convenient  synthesis  of  chinoline.  Baeyer's  first  syn- 
thesis was  obtained  with  hydrocarbostyril,  and  the  author's  with 
tllyl-aniline.  He  now  finds  that  acrolein-anilinc  affords  cliino- 
lioe  easily  on  dry  distillation.  The  well-dried  reddish-yellow 
mass  was  distilled  in  portions  of  25  grams,  and  the  distillate  was 
purified  by  treatment  with  sulphuric  acid  and  bichromate.  It  con- 
tains beside  chinoline,  a  less  volatile  base.  After  repeated  oxida- 
tion the  chinoline  was  distilled  from  the  alkaline  liquid  by  a  cur- 
rent of  steam,  and  separated  from  the  water  by  solution  in  ether. 
The  yield  is  larger  when  one  part  aniline,  1^2  paits  sulphuric 
acid  and  one  part  of  glycerin  are  heated  to  180®-190®.  Acrolein- 
aniline  is  formed  and  at  once  oxidized  to  chinoline.  Skraup  pre- 
fers a  mixture  of  nitrobenzene  and  aniline,  which  afibrds  25  per 
e»it  of  chinolina — Ber,  Berl,  Chem,  Ges,^  xiii,  910,  May,  1880. 

o.  p.  a 
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8.  On  two  Compounds  formed  by  Urea  with  Gold  Chloride,— 
Hbintz  has  shown  that  when  gold  chloride  and  urea  are  dissolved 
together,  yellow  crystals  are  deposited  which  are  a  mixture  of  twc 
compounas  of  the  ^old  chloride  and  urea,  which  are  easily  sepa* 
rated  by  recrystallization.  One  of  these  crystallizes  in  orange- 
red  needle-like  prisms,  permanent  in  the  air,  and  having  the  com- 
position AuCl  H(CH^N,0).H30.  The  other  has  the  composition 
AuCl^HrCH^N,0^.  It  crystallizes  in  fine  yellow  needles,  is  per- 
manent m  the  air,  and  fuses  at  about  1 00^.  Very  soluble  in  watei 
and  also  in  alcohol  and  ether. — Liebigh  Annalen^  ccii,  264,  April, 
1880.  G.  F.  B. 

9.  Helation  between  the  Velocity  of  Light  and  the  Density  oj 
Bodies, — Herr  H^  A.  Lobentz  refers  to  the  fact  that  Max- 
well's theory  of  light  has  been  examined  chiefly  in  relation  to  the 
questions  of  velocity  and  of  reflection  and  refraction,  and  proposes 
to  himself  to  examine  the  relation  between  the  index  of  refraction 
n  and  the  density  c^  of  a  body,  under  the  supposition  that  Max- 
well's theory  is  true.  He  starts  with  the  hypothesis  that  an  ether 
exists  between  the  molecules  of  a  body,  and  that  in  the  immediate 
neighborhood  of  the  molecule  the  state  of  this  ether  does  not 
differ  from  that  which  it  possesses  in  a  vacuum.  He  also  sup- 
poses that  in  each  molecule  of  an  isotropic  body  an  electromotive 
force  awakens  an  electrical  moment  propoitional  to  itself  and 
directed  in  like  manner ;  that  CoulomVs  law  holds  for  very  small 
distances.  Under  these  suppositions  the  calculations  conduct  to 
a  relation  between  the  specific  inductive  capacity  K  of  a  non- 
conductor and  its  density.  Connecting  this  result  with  the 
equation  E=n*  found  by  Maxwell,  the  author  finds  that  with  a 
change  of  density  the  equation 

eq.  (1)   7-r-:  •:;^7=  constant  =  k 

must  hold.     Under  the  supposition  that  all  the  molecules  are  not 

equal,  one  can  obtain  formulas  for  the  index  of  refraction  of  a 

n*— 1 
mixture.     It  follows  that  /  «i  ow  ^^^^  ^^  ^^^  ^*^®  must  be  equal 

to  a  constant,  and  also  that  between  this  value  and  the  analogous 

constants  ,    \  .  ^.  ,,     .    «  .  o\^  ®^^-> 

which  result  from  the  conditions  of  the  mixture,  the  relation 

^+2^-"^^  K4^2K+^«K+2K  + 
must  hold.  In  this  latter  equation  a,,  a,,  etc.  are  the  units  of 
mass  of  the  portions  in  the  unit  of  weight.  The  constant  k  in  eq. 
(1)  is  found  to  be  independent  of  the  wave  length  of  light ;  but 
calculations  and  comparisons  are  given  which  show  that  indices 
of  refraction  of  glycerine,  alcohol,  chloride  of  zinc  and  sulphide 
of  carbon  change  less  than  the  theory  indicates  as  the  wave  length 
of  light  diminishes.  The  author  concludes  that  the  departures  of 
the  observed  from  the  calculated  values,  both  in  the  case  of  solid 
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and  fluid  bodies  mast  be  ascribed  to  tbe  same  cause,  and  are  in 
eonfonnity  witb  tbe  fact  tbat  in  flint  glass  tbe  increase  of  tbe 
index  of  refraction  is  greater,  tbe  smaller  the  wave  lengtb  em- 
|do?ed,  and  tbat  in  crown  glass  the  index  of  refraction  diminishes 
irith  beating  when  great  wave  lengths  are  employed,  and  in- 
creaaes  when  small  wave  lengths  are  used.  Tbe  author  discusses 
the  departures  from  bis  theory  and  intimates  tbat  they  are  due  to 
oertaiD  electrical  conditions  among  the  molecules  and  atoms  of 
oompounds. — AnncUen  der  Fht/sik  und  Chemiey  No.  4,  1880,  p. 
til.  J.  T. 

10.  AtMTora  BorealU. — ^In  a  recent  paper  read  before  the  Royal 
Society,  Mr.  Wabbbn  db  la  Rub  and  Mr.  Hugo  W.  M^lbb 
stated  tbeir  conviction  that  at  the  heieht  of  37*67  miles  above 
the  aea  level,  tbe  atmosphere  would  have  a  pressure  of  0*379 
millim.,  and  tbe  display  of  the  aurora  would  be  of  maximum 
brilliancy  and  would  be  visible  at  a  distance  of  585  miles.  Tbe 
greatest  exhaustion  they  have  been  able  to  produce  0*000055 
nullim.,  corresponds  to  a  height  of  81*47  miles  and  11,000  cells 
fidled  to  produce  a  discharge  in  hydrogen  at  this  pressure.  At 
die  height  of  124*15  miles  the  pressure  would  be  only  0*00000001 
millim.,  and  they  do  not  believe  that  an  electric  discharge  would 
occur  ^with  any  potential  conceivable  at  such  a  height"  The 
discharge  in  air  at  a  pressure  of  62*°™  has  a  carmine  tint,  and 
corresponds  to  an  altitude  of  12*4  miles  and  would  be  visible  at  a 
distance  of  356  miles.  At  pressure  of  r5"*'"  corresponding  to  a 
distance  of  30*86  miles,  the  aischarge  becomes  salmon  colored  and 
has  lost  the  carmine  tint.  At  a  pressure  of  O'S'""*  corresponding 
to  33*96  miles,  the  discharge  becomes  of  a  paler  salmon  color, 
and  merges  into  a  pale  milky  white.  The  authors  think  it  con- 
ceivable tbat  tbe  aurora  '^  may  occur  at  times  at  an  altitude  of  a 
few  thousand  feet." — Nature,  May  13,  1880,  p.  83.  j.  t. 

n.  Qbology  and  Mineralogy. 

1.  Report  on  the  Geology  of  the  High  FkUeatts  of  Utah,  with 
Atlas;  by  C.  E.  Dutton,  Captain  of  Ordnance,  U.  S.  A.,  TJ.  S. 
Geogr.  and  Greol.  Survey  of  the  Rocky  Mountain  Region,  J.  W. 
Powell  in  charge :  Department  of  the  Interior.  307  pp.,  4to,  witb 
eleven  heliotype  plates,  and  a  folio  Atlas.  Washington,  1880. — 
Tbe  region  wbion  is  the  subject  of  this  report  is  one  of  unex- 
celled grandeur  in  the  extent  of  its  mountain  plateaus,  in  its  sim- 
ple system  of  geological  structure  and  displacements,  and  in  the 
magnitude  and  diversity  of  the  effects  of  erosion,  and  Captain 
Datton,  in  his  account  of  it,  shows  that  he  is  capable  of  appreci- 
ating and  discussing  the  geological  problems  which  it  presents. 

T%e  Higb  Plateaus,  as  the  Report  states,  occupy  a  large  part  of 
the  southern  half  of  Utah,  commencing,  on  the  north,  at  a  point 
in  the  Wahsatcb  ranee  about  15  miles  east  of  Mount  Nebo,  and 
having  a  length  of  aoout  1 75  miles,  with  a  breadth  of  25  to  80 
miles.    Tbe  region  is  divided  by  two  profound,  nearly  north  and 
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south  valleys;   a  western,  along  the  Sevier  River,  which  here 
flows  north  to  the  westward  bend  that  takes  it  to  Sevier  Lake,  "  a 
wretched  salina  of  the  Great  Basin  ;"  and  an  eastern,  called  Grass 
Valley,  along  two  tributaries  of  the  Sevier,  a  northern  and  south- 
em,  which  combine  to  make  the  "  East  Fork  of  this  river."    On  the 
west   of  the   Sevier  Valley,  three   plateaus    are    distinguished, 
namely,  commencing  to  the  north  :    the  Pavant,  "  a  curious  ad- 
mixture of  plateau  and  sierra ;"  the  Tushar,  "  its  northeni  half  a 
wild,   bristling  cordillera,  its   southern,  conspicuously  tabular;" 
and  the  Markagunt,  "  a  true  plateau,"  about  11,000  feet  in  height. 
Between  the  Sevier  and  Grass  Valleys  there  are  two  plateaus,  the 
Sevier,  80  miles  long,  cut  through  near  its  middle  by  the  east-and- 
west  gorge  of  the  East  Fork ;  and  south  of  this  the  Pauns&gant 
plateau,  "  bounded  on  three  sides  by  lofly  battlements  of  marvel- 
ous sculpture  and  glowing  color."     East  of  Grass  Valley,  and  its 
line  to  tne  south  (along  which  commences  the  Paria  River),  three 
plateaus  are  distinguished :  the  Wahsatch,  extending  somewhat 
farther  north  than  the  Pavant  (to  the  parallel  of  40®),  where  it 
joins,  in  an  en  echelon  way,  the  Wahsatch  range  proper;  the  Fish- 
Lake  plateau  east  of  Fish  Lake,  but  15  miles  long,  yet  11,400  feet 
high ;  the  Awapa  plateau,  which  almost  blends  with  the  preced- 
ing but  is  of  less  altitude,  and  is  30  miles  long  by  20  in  breadth, 
its  top  a  treeless,  rolling  prairie,  sloping  feebly  to  the  eastward ; 
and  the  Aquarius,  11,600  feet  high  in  its  eastern  part,  35  miles  in 
length  by  10  to  18  in  breadth,  the  grandest  of  all  the  High  Pla^ 
teaus,  its-  ^'  three  sides,  the  south,  west  and  east,  walled  by  dark 

dismal  des- 
summit 
is  clad  with  forests  of  spruce,  and  has  its  grassy  parks  and  scores 
of  snow-fed  lakes. 

The  wonderful  contrast  between  the  desert  country  below 
to  the  south  and  southeast,  *'  dismal  and  suggestive  of  the  terri- 
ble," and  the  forest-covered  sunmiit  of  the  Aquarius  plateau,  has 
much  meteorological  interest  as  regards  the  whole  mountain  re- 
gion, and  we  cite  a  paragraph  from  page  285  of  the  report. 

"  The  ascent  leads  us  among  rugged  hills,  almost  mountainous 
in  size,  strewn  with  black  bowlders,  along  precipitous  ledges,  and 
by  the  sides  of  canons.  Long  detours  must  be  made  to  escape 
the  chasms  and  to  avoid  the  taluses  of  fallen  blocks ;  deep  ravines 
must  be  crossed,  projecting  crags  doubled,  and  lofty  battlements 
scaled  before  the  summit  is  reached.  When  the  broad  platform 
is  gained  the  story  of  '  Jack  and  the  beanstalk,'  the  finding  of  a 
strange  and  beautiful  country  somewhere  up  in  the  region  of  the 
clouds,  no  longer  seems  incongruous.  Yesterday  we  were  toilinff 
over  a  burning  soil,  where  nothing  grows  save  the  ashy-colorea 
sage,  the  prickly  pear,  and  a  few  cedars  that  writhe  and  contort 
their  stunted  limbs  under  a  scorching  sun.  To-day  we  are  among 
forests  of  rare  beauty  and  luxuriance ;  the  air  is  moist  and  cool^ 
the  grasses  are  green  and  rank,  and  hosts  of  flowers  deck  the  turf 
I  ike  the  hues  of  a  Persian  carpet.  The  forest  opens  in  wide  parks 
and  winding  avenues,  which  the  fancy  can  easily  people  with  fays 


battlements  of  volcanic  rock,"  and  descending  to  "  the  die 
ert  in  the  heart  of  the  Plateau  country,"  while  its  broad 
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and  woodland  nymphs.  On  either  side  the  sylvan  walls  look 
unpenetrable,  and  for  the  most  part  so  thickly  is  the  ground 
strewn  with  fallen  trees,  that  any  attempt  to  enter  is  as  serions  a 
matter  as  forcing  an  abaUis,  The  tall  spruces  {Abies  imbcUpina) 
stand  so  close  toeether,  that  even  if  the  dead-wood  were  not  there 
a  passage  would  oe  almost  impossible  Their  slender  trunks,  as 
straight  as  lances,  reach  upward  a  hundred  feet,  ending  in  barbed 
pomta,  and  the  contours  of  the  foliage  are  as  symmetrical  and  uni- 
fonn  as  if  every  tree  had  been  clipped  for  a  lordly  garden.  They 
tre  too  prim  and  monotonous  for  a  high  type  of  beautv ;  but  not 
•0  the  Engelmann  spruces  and  great  mountain  firs  (A.  Engeir 
wumni^  A.  grandis)^  which  are  delightfully  varied,  graceful  in 
form,  and  rich  in  foliage.  Rarely  are  these  species  found  in  such 
loxoriance  and  so  variable  in  habit.  In  places  where  they  are 
much  exposed  to  the  keen  blasts  of  this  altitude  they  do  not  grow 
into  tall,  majestic  spires,  but  cower  into  the  form  of  large  bushes, 
with  their  branchlets  thatched  tightly  together  like  a  great  hay- 
rick." 

This  meteorological  contrast,  as  the  author  remarks,  is  ex- 
plained by  the  fact  that  the  summit  receives  not  far  from  30 
niches  of  rain  a  year,  because  so  high  among  the  clouds,  while 
the  low  country  around  has  but  4  to  8  inches. 

The  southern  boundary  of  these  High  Plateaus  is  near  the 
Mmthem  boundary  of  Utah,  the  parallel  of  37^.  Beyond,  lies  the 
Plateau  country,  described  by  Powell,  the  region  of  the  Shiwits, 
Uinkaret,  Kanab,  Eaibab  and  Paria  plateaus,  on  the  north  side  of 
the  "  Grand  Ca&on  "  of  the  Colorado, — which  here  extends  nearly 
east  and  west  between  the  parallels  of  36*^  and  36°  30', — and  of 
"Marble  Canon,"  "Kanab  Canon,"  "Hurricane  Cliffs,"  "Echo 
Cliffs,"  and  other  remarkable  features.* 

The  Henry  Mountains,  described  by  G.  K.  Gilbert,  stand  30 
miles  to  the  east  of  the  Aquarius  plateau. 

In  the  geological  account  of  these  plateaus  the  author  treats  of 
the  geological  formations,  the  positions  and  disturbances  of  the 
strata,  and  the  bearing  of  the  facts  on  questions  connected  with 
mountain-making,  the  distribution  and  character  of  the  igneous 
rocks,  the  nature  and  origin  of  volcanic  action,  and  the  results, 
methods  and  period  of  erosion. 

The  distribution  of  the  formations  is  exhibited  on  a  large  col- 
ored chart.  They  include  the  Carboniferous,  making  the  sum- 
mit and  western  side  of  the  Pavant  or  northwestern  plateau ;  the 
HiassiCj  in  Western  Utah,  at  the  eastern  base  of  the  Awapa  and 
Aquarius  plateaus,  and  with  it  the  Jurassic,  and  the  latter  also 
outcropping  in  narrow  strips  in  the  Sevier  River  Valley;  the 
Crei4iceous  (with  which  the  Laramie  or  Lignitic  group  is  united 
by  Captain  Dutton),  bordering  the  plateaus  and  rising,  in  several 
of  them,  nearly  to  the  summit ;  the  Eocene  Tertiary ,  constituting 
ptrt  of  the  slopes  on  the  north,  south  and  east  of  the  plateaus, 

*  See  Powell's  Report  on  tho  Uinta  Mountains ;  also  this  Journal,  III,  xii,  420, 
wd  Dua's  Manual  of  Geology,  edition  of  1880,  page  792. 
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and  making  tbe  summit  formation  of  the  Wabsatcb  Plateau  on 
the  north,  of  small  portions  of  the  Fish-Lake  and  Tushar  pla- 
teaus, and  of  a  large  part  of  the  Mark&gunt  plateau  in  the  south- 
west. Going  from  the  southern  plateaus  southward  to  the  Colo- 
rado, a  wide  area  of  Eocene  Tertiary  is  first  passed ;  then  bands, 
in  succession,  of  Cretaceous,  Jurassic,  Upper  Trias,  Lower  TriaSi 
(Shinarump  Group),  and  Carboniferous. 

The  youngest  group  in  the  series  clearly  made  out  (the  Quater- 
nary excluded)  is  thus  the  Eocene ;  and  it  would  be  the  sunmiit 
formation  generally  were  it  not  for  the  erosion  that  has  taken  place, 
and  still  more  for  the  covering  of  igneous  rocks.  These  Eocene 
beds  are  part  of  an  extended  lacustnnc  formation — ^as  first  recog- 
nized by  Marsh.  They  are  described  as  5,000  feet  thick  around 
the  flanks  of  the  Uintas  and  southern  Wahsatch,  and  as  thinning, 
outward  from  these  mountains,  to  nearly  or  quite  2,000  feet. 

The  volcanic  rocks  are  spread  over  the  summits  of  the  Aquarius, 
Awapa  and  Fish-lake  Plateaus  on  the  east,  the  great  central 
Sevier  Plateau,  and  the  Tushar  and  Markagunt  Plateaus  on  the 
west ;  and  they  have  a  thickness  in  some  parts  of  4,000  or  more 
feet.  The  rocks  are  chiefly  trachytes,  with  some  andesyte,  propy- 
lyte  and  doleryte ;  and  the  tracnytes  are  described  as  intermedi- 
ate in  age  between  the  andesyte  and  propylyte,  which  are  the 
oldest,  and  the  dolerytes,  but  as  in  alternating  beds  in  some 
places  with  the  last.  In  the  Awapa  and  Aquanus  Plateaus,  the 
trachyte  shows  a  thickness,  in  some  of  the  profound  gorges,  of 
3,000  feet.  The  volcanic  eruptions  are  stated  to  have  begun  in 
the  middle  Eocene,  and  a  few  of  the  foci  are  still  distinguishable. 
The  basaltic  eruptions  in  some  places  look,  "  so  far  as  appearance 
is  concerned,"  as  if  they  "  might  have  been  erupted  less  than  a 
century  ago."  Besides  the  eruptive  beds,  volcanic  conglomerates 
are  wniely  distributed,  they  covering  an  area  of  2,000  square 
miles,  and  being  in  some  parts  2,500  feet  thick.  In  some  places 
they  have  been  so  changed  as  to  lose  their  fragmental  character, 
and  become  in  appearance  closely  like  true  eruptive  rocks  (a  fact 
which  has  been  observed  also  in  the  Andes  and  in  Mexico).  But 
they  fail,  savs  Captain  Dutton,  of  the  fluidal  character  and  glass 
inclusions  of  the  latter.  For  the  author's  discussions  with  regard 
to  the  volcanic  rocks  and  volcanic  action  and  its  causes,  the 
reader  is  referred  to  the  Report. 

The  disturbances  in  the  plateau  region  have  resulted  in  a  gen- 
eral uplifting,  and  also  in  monoclinal  flexures,  and  in  fractures 
and  faults ;  and  the  faults  are  mostly  in  the  line  of  monoclinal 
uplifls,  as  brought  out  by  Powell  in  his  description  of  the  Colo- 
rado region  on  the  South.  The  flexures  and  faults,  as  is  well 
illustrated  in  the  Atlas,  have  approximately  a  north-and-south 
course,  and  are,  in  part,  a  continuation  of  those  of  the  Colorado 
region  on  the  South.  The  "Hurricane  fault"  has  its  southern 
limit  at  some  undetermined  point  in  Arizona,  south  of  tbe 
Colorado,  and,  at  its  crossing  of  the  Grand  Ca&on,  it  is  the 
line  of  a  displacement  of  1800  feet.     It  is  the  western  bound- 
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try  of  the  Markftgnnt  aplift  (the  southwestern),  making  at  one 
|daoe  a  displacement  of  5,000  feet,  and  at  the  southwest  base 
of  the  Mark4gnnt  elevation,  bringing  up  the  Carboniferous  to  a 
level  with  the  Tertiary,  a  displacement  of  12,000  to  13,000  feet. 
It  reaches  north  to  the  west  side  of  the  Tnshar  plateau  and  by 
the  east  side  of  the  Pavant.  Other  faults  have  less  extent,  but 
there  is  great  similarity  among  them  in  character  and  direction. 
The  amount  of  throw  is,  in  general,  from  a  few  hundred  feet  to 
9,000  feet.  The  time  when  these  displacements  took  place  is  not 
indicated  by  the  displaced  beds,  for  no  beds  occur  later  than 
Eocene.  Captain  Dntton  refers  the  principal  displacement  to  the 
middle  Pliocene,  and  suggests,  on  the  ground  of  facts  connected 
with  the  erosion  of  the  region,  that  some  may  have  been  formed 
even  as  late  as  subsequent  to  the  Glacial  period.  These  displace- 
ments are  wholly  distinct  from  those  which  occurred  at  the 
mountain-making  epoch  after  the  Laramie  period,  upturning  the 
Cretaceous  and  inferior  beds,  being  a  result  of  subsequent  move- 
ments. After  that  epoch  a  large  part  of  the  Rocky  Mountains 
was  raised  from  near  the  ocean's  level ;  and  the  production  of  the 
monoclinal  flexures,  long  lines  of  faults,  great  volcanic  erup- 
tioDS,  and  profound  denudation  must  have  been  dependent  more 
or  less  on  this  grand  movement  or  the  causes  producing  it. 

Captain  Dutton  points  out  the  contrast  between  the  simple 
mononclinal  flexures  and  nearly  horizontal  bedding  of  the  Plateau 
mountain  region  and  the  high  dips  and  numerous  folds  of  the 
Appalachians.  The  contrast  is  not  so  striking  when  the  compari- 
mm  is  made  with  the  Cumberland  Table  Land  and  its  continuation 
southwestward  into  Tennessee  and  northward  into  Southern  New 
York  and  the  Catskills,  which  are  parts  of  the  results  of  the  Appa- 
lachian revolution ;  and  may  it  not  be  that  the  High  Plateaus  are  in 
a  similar  way  the  denuded  outskirts  of  the  Wahsatch,  which  after- 
ward became  somewhat  crumpled  and  displaced,  while  the  uplift 
of  the  Rocky  Mountain  region  was  in  progress. 

The  subject  of  erosion  is  treated  ably  and  with  full  appreciation 
of  the  grandeur  and  geological  interest  of  the  results  m  this  Pla- 
teso  region ;  and  several  heliotypes  represent  some  of  the  won- 
derful scenes  in  the  mountains.  The  author  estimates  that  on  an 
iverage,  at  least  6,000  feet  of  rock  in  depth  have  been  removed 
from  the  Plateau  Province  since  the  erosion  began,  that  is,  during 
the  Miocene  and  subsequent  time — from  an  area  of  10,000  square 
miles.  The  erosion  was  least  in  the  High  Plateaus,  the  average 
beinj^  less  than  1 ,000  feet,  chiefly  because  of  the  protection  they 
received  from  the  covering  of  volcanic  rocks.  He  says  (pp.  21,  22) : 
"The  great  erosion  of  the  Plateau  Province  was  most  probably 
tocomplished  mainly  in  Miocene  time,  but  continued  with  dimin- 
iihinff  rapidity  throughout  the  Pliocene.  But  it  is  necessary  to 
say  &at  the  terms  Miocene  and  Pliocene  have  here  no  definition. 
They  cannot  be  correlated  except  in  a  very  general  manner  with 
events  occurring  outside  the  provinca  We  have  only  a  vast 
liretch  of  time,  with  an  initial  epoch  near  the  close  of  the  local 
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Eocene.  The  greater  part  of  the  denudation  is  assigned  to  t 
Miocene,  because  the  conditions  appear  to  have  been  more  fav^ 
able  to  a  rapid  rate  of  destruction  m  that  age  than  subsequent 
The  climate  appears  to  have  been  humid,  while  the  elevation  vi 
at  the  same  time  gradually  increasing,  both  conditions  bei: 
favorable  to  a  rapid  disintegration  and  removal  of  the  rocks.  T 
Pliocene  witnessed  the  gradual  development  of  an  arid  dims 
similar  to  that  now  prevailing  there.  To  this  age  belong  t 
cafions  and  the  great  cliffs,  which  could  not  have  been  produc 
in  an  ordinary  or  humid  climate,  nor  at  low  altitudes,  lliat  tl 
aridity  is  by  no  means  a  condition  of  recent  establishment  is  in 
cated  by  many  evidences.  They  consist  of  remnants  of  a  fom 
topography,  preserved  in  a  few  localities  from  the  general  wrc 
of  the  land,  and  which  show  the  same  general  facies  of  cliffs  a 
cafions  as  those  of  more  recent  formation.  And  as  the  m( 
recent  sculpture  owes  its  peculiarities  in  great  part  to  the  aridi' 
so,  we  conclude,  must  these  more  ancient  remnants.  The  Kai] 
rowits  Plateau  presents  an  excellent  example.  Its  surface  is 
many  places  rendered  utterly  impassable  oy  a  plexus  of  shf 
narrow  canons,  of  which  the  heads  have  been  cut  off  by  the  rec 
sion  of  the  gigantic  cliff  which  forms  the  eastern  wall  of  the  p 
teau.  They  have  long  been  dug,  and  have  remained  with  I 
little  change  for  an  immense  period  of  time. 

"And  now  the  relation  of  the  High  Plateaus  to  the  Plate 
Province  at  large  becomes  evident.  They  are  the  remnants 
ereat  masses  of  Tertiary  and  Cretaceous  strata  left  by  1 
immense  denudation  of  the  Plateau  Province  to  the  south  a 
east.  From  the  central  part  of  the  province  the  Tertiary  b( 
have  been  wholly  removed  and  nearly  all  of  the  Upper  CJreta 
ouB.  A  few  reii\nants  of  the  Lower  Cretaceous  stretch  far  < 
into  the  desert,  and  one  long  narrow  causeway,  the  Kaiparoiw 
Plateau,  extends  from  the  southeastern  angle  of  the  district  of  1 
High  Plateaus  far  into  the  Central  Province  and  almost  joins  t 
great  Cretaceous  mesas  of  Northeastern  Arizona,  being  sevei 
from  them  only  by  the  Glen  Canon  of  the  Colorado.  The  Jur 
sic  has  also  been  enormously  eroded.  This  formation,  which  is 
great  importance  and  bulk  m  the  northern  and  northwestern  p 
tion  of  tne  province,  and  especially  around  the  High  Platea 
appears  to  have  thinned  out  toward  the  south  and  southeast, 
large  portions  of  New  Mexico  it  is  wholly  wanting  and  was  pr 
ably  never  deposited  there.  In  the  northwestern  portion  of  tl 
Territory  only  a  few  thin  beds  of  that  age  are  found.  But  in  t 
northern  part  of  the  province  a  conspicuous  and  wonderful  sai 
stone  formation  of  most  persistent  character  is  fbund,  overl: 
and  underlaid  by  shales  holding  a  distinctly  Jurassic  fan 
This  formation  once  extended  over  the  Grand  Canon  area  pro 
bly  as  far  south  as  the  river  itself^  and  possibly  farther,  but  1 
all  been  swept  away  as  far  north  as  the  southern  end  of  the  ( 
trict  of  High  Plateaus.  From  the  region  east  of  the  High  I 
teaus  also  very  large  areas  of  it  have  been  removed.    The  Up] 
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has  also  been  greatly  denuded,  and  the  Lower  Trias  nearly 
18  mach  so.  The  erosion  of  the  Carboniferous  has  been  small, 
being  confined  chiefly  to  the  cutting  of  canons — most  notably  the 
Grand  and  Marble  CafLons,  which  are  sunk  wholly  in  that  series  ; 
ind  in  aeyeral  places  haye  been  cut  throufich  the  entire  Palfeozoic 
senes  system. 

In  the  discussions  with  regard  to  the  nature  of  yolcanic  action 
and  the  origin  of  mountain  disturbances,  Captain  Dutton  rejects 
the  idea  of  the  earth's  interior  liquidity,  and  holds  that  the  theory 
of  the  earth's  contraction,  as  a  cause  of  moyement,  is  inadequate 
(0  account  for  the  fact«.  At  the  same  time  he  acknowledges  that, 
in  his  yiew,  the  source  of  the  heat  of  yolcanic  action,  ana  that  of 
the  force  producing  the  greater  changes  of  level  in  the  earth's  sur- 
face, are  yet  without  satisfactory  explanation.  In  connection 
with  his  remarks  on  the  erosion  in  the  Plateau  region,  he  queries 
whether  the  removal  of  6,000  to  10,000  feet  of  rocK  material  over 
80  large  an  area  would  not  ''have  disturbed  the  earth's  equili- 
brium of  figure,  and  the  earth,  behaving  as  a  quasi-plastic  body, 
have  re-asserted  its  equilibrium  of  figure,  by  making  good  a  great 
part  of  the  loss  by  drawing  upon  its  whole  mass  beneath  ?"  He 
nirther  says  that,  to  account  for  the  uplifts  as  well,  we  must 
almost  necessarily  refer  to  the  operations  of  "  that  mysterious  plu- 
tonic  force  which  seems  to  have  been  always  at  work  and  the  ope- 
rations of  which  constitute  the  darkest  and  most  momentous  prob- 
lem of  dynamical  geology ;"  and  also  "  recognize  the  cooperation 
of  that  tendency,  which  indubitably  exists  within  the  earth,  to 
maintain  the  statical  equilibrium  of  its  levels."  But  to  appreci- 
ate rightly  the  relations  of  the  uplifts  to  the  erosion,  and  their 
relative  influence  on  this  equilibrium,  we  have  to  remember  that 
during  the  yery  period  of  erosion,  when  6,000  feet  in  average 
depth  was  being  removed  (that  is,  after  Eocene  time),  the  moun- 
tJUD  region  was  undergoing  an  elevation  of  full  twice  6,000  feet. 

But  the  reader  should  refer  to  the  volume  for  the  author's  full 
discussions  on  these  and  the  other  topics,  here  briefly  reported. 
The  Report  is  made  in  all  parts  very  readable  by  the  author's 
graphic  descriptions  of  the  region  and  of  the  events  in  its  geolog- 
ical history.  j.  d.  d. 

2.  Pennsylvania  Geological  Survey,     The  Geology  of  Mercer 
Vaunty;  by  L  C.  Whitb.    Report  No.  QQQ.    234  pp.  8vo,  with  a 
colored  geological  map  of  the  county  and  119  vertical  section8.-This 
Report  IS  occupied  mostly  with  details  respecting  the  strata  and 
their  coal  beds,  which  pertain  to  the  "Productive  Coal  measures," 
the  conglomerate  measures  underneath,  and  the  sub-conglomerate, 
which  last  are  exposed  to  view  only  along  the  principsu  streams. 
A  birge  part  of  the  county  is  covered  by  Drift,  and  interesting 
observations  are  presented  with  regard  to  it.     The  distribution  of 
large  bowlders  over  the  top  surface  of  the  Drift,  and  also  in  the  body 
of  it,  leads  the  author  to  the  conclusion  that  the  transportation  was 
not  done  by  icebergs  but  by  glacier  ice.    The  fact  that  these  bowl- 
ders are  limited  in  their  southward  distribution  in  Western  Pennsyl- 
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yania  by  the  Ohio  River,  that  they  occur  abundantly  north  of  it, 
^'  covering  the  surface  like  flocks  of  sheep,"  and  not  south  of  it, 
where  there  is  nothing  in  the  topography  to  give  such  a  limit  to 
transport  by  icebergs,  is  stated  to  be  evidence  on  this  point.  The 
author  observes  that  the  rivers  of  the  county,  like  tnose  of  the 
adjoining  Beaver  and  Lawrence  Counties,  discussed  in  his  former 
report  (No.  QQ),  flow  over  a  great  thickness  of  stratified  silt,  sand 
and  gravel,  even  700  feet  in  some  cases,  showing  that  the  original 
rocky  bottom  is  thus  deeply  buried. 

3.  Annual  R^ort  of  the  Wisconsin  Geological  Survey  for  the 
year  1879;  by  T.  C.  Chamberlin,  Chief  Geologist.  72  pp.  8va 
Madison,  Wisconsin,  1880. — Besides  details  respecting  the  distri- 
bution of  collections  of  fossils,  this  Report  contains  descriptions 
of  new  Paleozoic  fossils  by  R.  P.  Whitfield,  and  descriptions  of 
three  species  of  Fungi  by  W.  F.  Bundy.  Of  the  fossils  the 
following  are  from  the  Potsdam  sandstone :  Holopea  Sweeti^  Cono- 
cephcUitesf  quadratuSy  C.  ?  explanatua^  Ptychaspis  striata^  Dicel- 
locephalua  LodensiSy  and  Agla^is  Eatoni,  Mr.  Whitfield  describes 
also  new  species  from  the  Trenton,  Hudson  River  group,  and 
Niagara,  and  one,  a  Discina,  from  beds  of  the  Hamilton  period. 

4.  Meport  on  the  Florida  Reefs;  by  Louis  Agassiz.  Accom- 
panied by  illustrations  of  Florida  Corals  from  drawings  by  A. 
SoNBBL,  BuBKUAKDT,  A.  Agassiz  and  RosTTEB.  Mcmoirs  of  the 
Museum  of  Comparative  Zoology  at  Harvard  College,  vol.  vii, 
No.  1.  62  pp.  4to.  Plates  i  to  xxiii.  Cambridge,  1880. — ^This 
publication,  by  the  Museum  of  Comparative  Zoology,  of  Professor 
Louis  Agassiz's  Report  on  the  Florida  Coral  Reefs,'  only  extracts 
from  which  had  appeared  in  the  Coast  Survey  Report  for  1851,  is 
making  accessible  one  of  the  most  interesting  of  his  memoirs,  and 

flving  it  augmented  value  through  the  addition  of  plates  of 
lorida  Corals.  These  plates,  which  have  great  beauty  and  pei^ 
fection,  were  drawn  and  lithographed  for  the  original  report,  out 
were  never  published.  To  the  volume  Mr.  Alexander  Agassiz  has 
added  the  sketch  of  Florida  from  Professor  Agassiz's  ^^  Methods 
of  Study,"  based  upon  his  investigations  of  the  reefs  (all  which 
were  carried  on  under  the  auspices  of  the  Coast  Survey),  and,  for 
the  convenience  of  the  reader,  a  sketch  map  of  Southern  Florida 
and  the  Keys,  compiled  from  Coast  Survey  Maps. 

6.  Early  Man  in  Britain^  and  his  place  in  the  Tertiary  Period; 
by  W.  Boyd  Dawkins,  MA.,  F.R.S.,  etc.  638  pp.  8vo,  with 
many  wood-cuts.  London,  1880.  (Macmillan  &  Co.). — This 
treatise,  on  Early  Man  in  Britain,  is  by  one  of  the  ablest  and  most 

{'udicious  geologists  of  Great  Britain,  who  has  done  much  "  cave 
lunting,"  and  speaks  largely  from  personal  observation.  It  follows 
a  work  on  Cave  Hunting  by  the  same  author,  published  in  1874. 
While  devoted  especially  to  facts  in  Britain,  it  gives  a  general 
review  of  those  of  Europe ;  and,  besides  treating  of  numaa 
remains,  relics  and  early  history,  it  embraces  a  comprehensive 
sketch  of  the  Tertiary  Manunaua,  and  of  the  geographical  and 
climatal  conditions  and  changes  during  the  Tertiary  and  Qaater- 
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narv.  The  iUustrationft— over  160  in  nnmber — are  excellent,  and 
iDcfude  maps,  copies  of  many  sketches  or  drawings  of  the  Stone 
age,  and  representations  of  human  remains  and  implements,  and 
oiher  objects  throwing^  light  on  ancient  human  history.  With 
regard  to  man  in  the  Tertiary,  we  cite  a  few  sentences  from  the 
ooDcladiDg  chapter: 

**'  Nor  18  it  likely  that  he  [Man]  lived  in  Europe  in  the  Pliocene 
tge,  after  the  land  connecting  Britain  with  Greenland  had  been 
gabmereed  and  the  Atlantic  was  united  to  the  North  Sea  and  the 
Arctic  Ocean,  because  the  living  species  of  Mammalia  are  so  few. 
When  the  living  species  became  abundant,  he  appears  just  in  the 
Pleistocene  stage  in  the  evolution  of  Mammalian  life  in  which  he 
mijzfat  be  expected  to  appear.  The  River-drifl  man  first  comes 
before  us,  endowed  witn  all  human  attributes,  and  without  any 
signs  of  a  c]oser  alliance  with  the  lower  animals  than  is  presented 
by  the  savages  of  to-day,"  ^^  as  a  hunter,  armed  with  rude  stone 
implements,  living  not  merely  in  Britain,  but  throughout  Western 
and  Soathem  Europe,  Northern  Africa,  Asia  Minor,  and  India. 
Next  follows  the  Cave  man,  possessed  of  better  implements,  and 
endowed  with  the  facultv  of  representing  animal  forms  with  extra- 
ordinary fidelity,  living  m  Europe  north  of  the  Alps  and  Pyrenees, 
as  £ar  as  Derbyshire,  and  probaoly  belonging  to  the  same  race  as 
the  Eskimos." 

6.  Recent  action  of  Mauna  Loa  and  KHatiea  ;  by  T.  Coan. 
(From  a  letter  to  the  editors,  dated  Hilo,  Hawaii,  May  3d  to  6th, 
1880). — Hilo  is  in  a  haze  of  sulphur  smoke,  and  we  see  the  sun  as 
ibrongh  smoked  glass.     We  have  a  grand  volcanic  eruption. 

On  the  first  inst.  a  little  before  daylight,  a  herdsman,  who  lives 
about  two  miles  out  of  town,  reported  that  he  had  seen  a  light  on 
Mauna  Loa.  At  8  p.  m.  of  the  same  day,  my  wife  called  my  atten- 
tion to  an  unusual  light  in  the  direction  of  the  mountam.  At 
first  it  was  partly  obscured  by  clouds,  so  that  we  hesitated  to  pro- 
nounce it  volcanic.  In  a  few  minutes,  however,  the  revelation 
was  clear.  The  clouds  dispersed  and  the  spectacle  of  a  burninsr 
mountain  opened  to  our  sight.  The  action  was  intense.  The 
appearance  was  as  if  a  vast  column  of  melted  rock,  a  mile  in 
diameter,  was  being  poured  out  of  the  mountain  with  amazing 
force  and  vehement  heat.  Brilliant  corruscations  shot  out  in  all 
directions,  lighting  up  the  clouds  to  the  apparent  height  of  30^ 
and  spreading  out  for  many  miles  along  the  summit  of  the  eastern 
side  of  the  mountain.  The  outbreak  was  in  full  view  from  the 
west  side  of  our  house,  which  was  brilliantly  lighted  up  by  the 
fires,  while  the  front  part  was  in  a  deep  shade,  rendering  the  con- 
trast striking. 

This  eruption  occurring  in  the  night,  we  were  unable  to  deter- 
mine at  once  its  exact  locality.  Some  thought  it  was  in  the  deep 
rammit  crater,  Mokuaweoweo ;  and  others  that  it  was  at  a  point 
a  few  miles  north  of  it.  Since  that  night  the  mountain  has  been 
HO  veiled  in  clouds  and  smoke  that  we  have  not  been  able  to  see 
the  fire.     Yesterday  flocks  of  Pele's  hair,  and  light  particles  of 
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Toloanio  dnst  and  sand  were  dropped  upon  our  honses  and  in  our 
streets,  over  our  walks  and  our  gardens,  having  been  borne  upon 
the  winds  for  this  great  distance. 

May  6.  Our  mail  leaves  to-day,  and  I  deeply  regret  that  we 
have  not  seen  the  great  fire  since  the  night  of  tne  first  and  second 
inst.  A  dense  cloud  has  rested  upon  the  mountain  by  night  and 
dav,  so  impervious  that  no  light  shines  through  it. 

We  have,  however,  learned  by  people  coming  from  Puna,  and 
firom  Kau,  via  Kilauea,  that  the  roaring  furnace  is  still  in  fierce 
blasts,  and  that  its  locality  is  probably  in  the  terminal  crater, 
Mokuaweoweo.  Some  affirm  that  there  are  three  points  of  active 
eruption  upon  the  mountain,  and  that  lava  streams  are  flowing, 
but  these  reports  are  not  fully  reliable. 

Optical  delusion  and  excited  imagination  often  see  unreal 
visions.  During  the  terrific  eruption  and  the  rending  .earthquakes 
of  1868,  men  and  women  of  entire  veracity  saw,  as  they  thought, 
rivers  of  fire  come  down  from  the  mountain  and  plunge  into  the 
sea,  within  three  miles  of  them,  and  all  this  in  open  day,  with 
nothing  to  obstruct  their  view,  and  yet,  on  going  to  the  place 
where  this  lava  flowed,  as  they  asserted  in  all  honesty,  there  was 
no  mark  or  smell  of  fire. 

Since  my  former  letter,  dated  June  20,  1879,  Kilauea  has  re- 
sumed great  activity.  Rarely  in  its  recorded  history  havS  the 
fires  been  more  intense  or  the  filling  up  more  rapid.  The  number 
of  visitors  is  fast  increasing,  and  they  all  bring  glowing  reports  of 
the  intense  activity  of  the  fires. 

Lateral  streams  of  liquid  rock  are  bursting  through  the  scoria- 
ceous  sides  of  Halemaumau — the  lake  and  cone  in  the  southwest 
part  of  the  crater — and  flowing  down  the  declivities  into  the  cen- 
tral depression,  adding  stratum  to  stratum,  while  the  great  lake 
boils,  and  dashes  its  waves  against  its  walls,  and  sends  its  burn- 
ing spray  high  into  the  air.  The  debris  around  the  liigh  walls  of 
the  lake  is  so  hot  and  brittle  that  most  parties  who  visit  the 
crater  do  not  venture  near  the  barning  cauldron,  but  mount  some 
quiet  eminence  about  one-quarter  of  a  mile  from  its  margin,  where 
tney  can  witness  its  ragings,  and  listen  to  its  splashings  and  mut- 
terings  with  safety. 

7.  OUxciation  of  the  Shetland  Isles. — A  paper  on  this  subject, 
well  illustrated  by  a  geological  map  showing  the  direction  of  the 
fflacial  striflB,  by  fe.  N.  Peach  and  J.  Hornb,  is  published  in  the 
Quarterly  Journal  of  the  Geological  Society  for  1879. 

8.  Helief  Geological  Map  of  Netc  Hampshire, — A  relief  geo- 
logical map  of  the  State  of  New  Hampshire,  after  Professor  O.  H. 
Hitchcock's  geological  map,  on  the  scale  of  two  and  a  half  miles 
to  the  inch  and  measuring  four  feet  by  six,  is  being  made  by  Mr. 
Joseph  Schedler,  a  map  engraver  of  New  York  City. 

9.  Brief  Notices  of  some  recently  described  Minerals. — Fredri^ 
cite : — ^A  mineral  related  to  tetrahedrite,  but  characterized  by  its 
containing  lead  and  tin.  It  occurs  only  massive;  the  color  ia 
iron-black;  hardness  i=  3*5  ;  specific  gravity  =4*65.  An  analysii 
yielded : 
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book  firom  the  defects  which  have  in  some  degree  impaired  the 
QBefoIness  of  the  first. 

NotwithstandiDg  the  assistance  of  Professors  Cope  and  Gill 
upon  the  parts  relating  to  the  Batrachians  and  Fishes,  perhaps  no 
poitions  of  the  work  stand  in  greater  need  of  revision  than  the 
iccoants  of  the  brains  of  these  groups. 

There  are  inconsistent,  incomplete,  nnintellieible  and  incorrect 
sUtements,  and  for  convenience  I  mention  the  more  important 
imperfections  under  these  heads. 

A^  Inconsistent  statements. — (1)  Page  407,  the  ^'nervous  cord 
of  Amphioxus  does  not  enlarge  in  the  head  to  form  the  brain ;" 
pace  640,  ^  there  is  only  a  very  slight  enlargement  of  the  anterior 
end  of  the  spinal  cord.'' 

(2)  Page  426,'^  the  brain  of  the  Ganoids,  including  Dinnoans,  is 
as  in  the  filasmobranchs ;"  page  428,  ^'  from  the  nature  of  their  brain 
and  heart  the  Dipnoans  are  quite  different  from  all  other  fishes." 
B.  Serioudy  incomplete  statements, — (1)  The  description  of 
ike  brain  of  ^  Pisces"  (p.  411)  applies  equally  well  to  the  Batra- 
ehians  and  lamprey  eels.  (2)  Page  407,  the  ventricle  on  the  dorsal 
tide  of  the  cephauc  end  of  the  spinal  cord  of  Amphioxus  is  not 
mentioned.  (3)  There  is  no  allusion  to  the  size  and  complexity  of 
the  cerebellum  of  most  sharks,  or  to  the  apparent  consolidation 
of  the  so-called  *'  hemispheres"  into  a  sinele  median  mass.  (4) 
Strictly  speaking,  and  especially  in  view  of  the  published  opinion 
of  the  reviser  as  to  the  "  taxonomic  value  of  the  Drain  and  heart," 
none  of  the  brains  of  "  fishes"  are  sufficiently  described. 

(7.  Unintelligible  Statements.  —  (1)  The  brains  of  Marsipo- 
hranchs(p.  409),  of  Elasmobranchs  (p.  417),  and  of  Batrachians 
(p.  469),  are  said  to  be  "  much  as  in  the  fishes  "  or, "  like  that  of 
Diihes  in  general."  But  the  reader  is  lefl  in  doubt  as  to  the  mean- 
ing of  the  word  "  fishes,"  since  in  the  section  on  Teleosts  it  is  re- 
p^ktedly  used  as  a  synonym  of  the  bony  fishes  alone :  on  page  405 
It  is  equivalent  to  "  Pisces ;"  while  in  the  Preface  it  evidently  de- 
notes all  below  Batrachians. 

2>.  Incorrect  statements.  —  (1)  In  whatever  way  the  word 
**fi8hes"  be  interpreted,  the  intimations  of  any  close  resemblance 
between  their  brains  and  those  of  Marsipobranchs,  Elasmo- 
bnmchs,  and  Batrachians  are  without  foundation  in  fact.  Espe- 
cially is  this  the  case  with  the  group  last  named,  since  neither  the 
Ganoids  proper  nor  the  Teleosts  have  been  shown  to  possess  true 
hemispheres,  lateral  lobes  containing  each  a  ventricle. 

(2)  Page  409,  the  cerebellum  of  the  Marsipobranchs  is  "  appar- 
ently not  differentiated  from  the  medulla."  This  may  be  true  of 
the  hag-fishes,  bivj  in  lampreys  the  cerebellum  is  perfectly  dis- 
tinct, and  larger  relatively  than  in  Menobranchus. 

(3)  Page  417,  "the  brain  of  Elasmobranchs  is  like  that  of  fishes 
in  general,  the  olfactory  lobes  being  large  and  long  in  the  skates." 
Alf  investigators  of  fish-brains  agree  that  the  brains  of  the  sharks, 
skates,  and  Chimsera  are  difficult  to  homologize  with  those  of 
other  "fishes."  The  olfactory  lobes  are  likewise  large  and  long 
in  some  sharks. 
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(4)  From  the  description  and  figure  (pp.  440,  441)  of  what 
ports  to  be  a  typical  Teleostean  brain,  tae  following  inference 
inevitable :  bony  fishes  have  neither  thalami  nor  olfactory  1< 
the ''  hemispheres  "  are  the  most  anterior  pair  of  lobes,  an( 
similar  to  tne  true  hemispheres  of  Batrachians.  As  to  the 
nerves,  the  professed  anatomist  might  see  in  the  appearances 
sented  by  the  side  view  of  the  brain  in  fig.  400,  signs  of  thei 
gin  from  the  optic  lobes ;  but  the  '^  student  and  general  rea 
would  hardly  venture  upon  this  interpretation  in  the  absen 
previous  explicit  statement  with  respect  to  any  vertebrate, 
against  the  more  obvious  signification  of  the  following  sent 
upon  page  440, ''In  front  arise  the  very  large  and  conspic 
optic  nerves." 

In  view  of  the  unsatisfactory  nature  of  our  knowledge  oi 
structure  and  homologies  of  the  brains  of  the  lower  vertebi 
would  it  not  be  well  for  the  author  to  state  the  difficulty  of 
ing'  brief  and  at  the  same  time  accurate  generalizations  concei 
them,  and  to  confine  himself  to  a  somewhat  full  account  o 
brain  of  some  Batrachain,  employing  as  a  basis  the  admi 
paper  of  the  late  Jeflfries  Wyman  upon  "  The  N  ervous  Sy sU 
JRana  pipiensJ*^  Attention  should  be  called  to  the  fact  tli 
frogs  and  toads  the  olfactory  lobes,  by  a  rare  exception,  a 
contact  upon  the  middle  line.  The  brains  of  Menobranchuf 
other  tailed  Batrachians  do  not  present  this  rather  perplc 
characteristic.  Menobranchus  abounds  in  the  western  lakei 
rivers,  and  in  the  lakes  of  central  New  York,  and  has  some  < 
features  which  especially  adapt  it  for  dissection  as  a  typical 
tebrate. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Centenniai  of  the  American  Academy  of  Arts  and  Scienc 
The  American  Academy,  (Boston  and  Cambridge),  which  rec< 
its  charter  from  the  Commonwealth  of  Massachusetts  in  \ 
1770,  celebrated  its  hundredth  anniversary  on  the  26th  of 
last.  Invitations  had  been  duly  sent  to  all  the  Associate  Fel 
resident  in  other  States,  and  to  its  70  Foreign  Honorary  1 
bers.  Societies  with  which  it  is  in  correspondence,  both  in 
countrv  and  in  the  Old  World,  were  apprised  of  this  celebra 
Several  of  the  leading  Scientific  Societies  of  the  United  S 
were  represented  by  a  delegation,  notably  the  American  I 
sophical  Society  at  Philadelphia,  which  was  incorporated  a 
months  earlier,  and  which  had  celebrated  the  centennary  < 
charted  existence  in  March,  although  the  society  was  orgai 
ten  or  twelve  years  earlier. 

Several  foreign  academies  sent  formal  responses  and  cong 
latory  addresses ;  a  few  were  represented  by  delegates  chose 
the  several  societies  from  among  their  American  correspondii 
honorary  members,  and  one,  the  Cambridge  Philosop 
Society,  sent  a  representative,  FVof.  Greenhill,  a  Fellow  of  Im 
uel  College,  die  ooUege  of  Jolio  Harvard. 
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The  officers  of  the  Academy  and  the  Committee  of  Arrange- 
mrata,  having  charge  of  the  celebration,  received  the  invited  guests 
and  delegates  at  the  Academy^s  rooms  at  noon,  and  escorted 
tibem  to  the  *^01d  South"  church,  now  a  historical  museum, 
where  the  pablic  exercises  were  held.  A  historical  address  was 
thore  to  have  been  pronounced  by  the  distinguished  President  of 
the  Academy,  the  Hon.  Charles  Francis  Adams.  But  his  strength 
gave  way  at  the  last  moment,  and  he  was  unable  even  to  be  pres- 
ent upon  the  occasion.  His  address  will,  however,  without  doubt, 
form  a  part  of  the  printed  account  of  the  centennial  celebration. 
In  his  absence,  and  upon  marvellously  short  notice,  a  most  appro- 
priate and  excellent  address  was  pronounced  by  the  accomplished 
chairman  of  the  committee  of  arrangements,  the  Hon.  Robert  C. 
Winthrop,  a  lineal  descendant  of  the  first  president.  Governor 
Bowdoin,  and  whose  associations  with  the  Academy  were  there- 
fore little  less  intimate  than  those  of  Mr.  Adams,  whose  father 
and  grandfiather  had  been  presidents  of  the  society  before  him. 

A  poem,  written  for  the  occasion,  was  delivered  by  Dr.  Oliver 
Wenaell  Holmes,  and  short  addresses  followed  from  a  surviving 
Ex-president  (Professor  Gray),  Prof.  Wm.  B.  Rogers,  and  from 
the  Very  Rev.  Dr.  Howson,  the  Dean  of  Chester,  who  was  present 
as  a  guest. 

The  Fellows  of  the  Academy  then  repaired  to  their  hall,  at  the 
Athenteum,  where  a  bountiful  collation  was  spread.  At  its  close 
short  addresses  were  made  by  several  delegates,  by  the  President 
of  Harvard  University,  and  others. 

At  the  adjourned  annual  meeting,  on  the  9th  of  June,  Mr. 
Adams  having^declined  further  service.  Professor  Joseph  Lovering 
was  elected  President,  and  Professor  Oliver  Wendell  Holmes, 
Vice-President.  Professors  Cooke  and  Trowbridge  were  re-elected 
Secretaries. 

2.  On  the  Hecurrence  of  Solar  Eclipses^  with  Tables  of  Eclipses^ 
from  B.  C.  700  to  A.  D.  2300.— This  is  the  title  of  a  paper  by 
Ptof.  Simon  Newcomb,  Superintendent  of  the  American  Epheme- 
ra and  Nautical  Almanac,  to  which  the  attention  of  teachers 
ihoiild  be  specially  called. 

It  is  a  new  method,  and  by  far  the  most  simple  and  most  re- 
markable that  has  ever  been  published;  presenting  an  entirely 
new  theory  of  their  recurrence,  founded  on   properties   of  the 
Cyde  called  the  Saros,  which  have  hitherto  not  been  observed  or 
utilized.     The  moon's  orbit,  as  well  as  that  of  the  sun,  is  divided 
oatorally  by  this  cycle  into  223  equal  parts,  and  the  points  of 
division  are  called  by  the  author  "  conjunction  points."     All  solar 
eclipses  are  then  naturally   divided  into   classes   and   grouped 
together  by  the  conjunction  point  at  which  they  must   occur. 
Etch  group  extends  over  a  period  of  more  than  a  thousand  years, 
the  individual  eclipses  of  a  group,  however,  being  separated,  of 
eonrse,  by  the  interval  of  the  saros — 18  years  and  10  or  11  days. 
Hie  nmnber  of  eclipses  belonging  to  each  group  is  therefore 
between  sixty  and  seventy.    The  first  of  a  group  occurring  at  the 
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descending  node  takes  place  near  the  north  pole  of  the  earth,  eac 
Bucceedinff  one  a  little  further  south,  and  nnally  the  last  passi 
off  near  tne  south  pole.  The  order  is  reversed  for  a  group  thj 
occurs  at  the  ascending  node.  FormulsB  are  deduced  by  whic 
tables  are  so  constructed  that  the  time  of  the  occurrence  of  an 
one  of  the  group  is  found  by  first  deducing  approximately  that  < 
the  central  one,  the  number  of  the  cycle  of  the  required  one,  an 
thence  the  exact  time  of  its  occurrence.  The  number  of  eclips< 
of  any  year,  and  the  time  of  their  occurrence,  is  the  work  of  bi 
a  few  moments. 

The  student  generally  learns  to  compute  eclipses  altogethc 
mechanically,  without  seeing  any  connection  between  his  wor 
and  theory,  and  so  loses  very  soon  his  interest  in  any  of  th 
usual  methods.  But  experience  with  a  small  class  proves  it  is  nc 
so  with  this.  He  realizes  the  connection  between  the  tables  an 
formulae,  seems  to  apprehend  clearly  every  step  he  takes,  is  astoi 
ished  to  find  he  can  so  readily  trace  the  shadow  path  over  th 
surface  of  the  earth,  determine  any  phase  at  any  point  of  it  h 
chooses,  and  most  of  all,  surprised  to  find  he  can  do  all  tbiB  fo 
an  eclipse  to  occur  a  hundrea  years  hence,  a  hundred  years  a^< 
or  for  ant/  one  in  the  whole  period  of  3,000  yearSj  just  as  readii 
and  accurately  as  for  one  that  is  to  occur  in  the  immediate  future 

It  is  very  desirable  that  an  interest  in  the  method  may  be  take 
by  educators,  such  that  the  author  may  be  induced  to  prepare  a 
edition  specially  adapted  to  students.  a.  h.  Buchanan. 

Cumberland  University,  Lebanon,  Tenn. 

3.  Multiplication  and  Division  TablCy  containing  the  prodiici 
of  numbers  between  1  and  1 00,  for  the  use  of  AecountantSy  Con 
puterSj  and  Teachers  in  the  Primary  Schools;    by  Lsonab 

Waldo,  S.D.  (Harv.).  New  York,  1880.  (John  Wiley  &  Sons] 
Those  who  have  much  arithmetical  computing  to  do,  will  fin 
their  work  greatly  facilitated  by  the  use  of  these  tables,  and  wi 
appreciate  their  value.  As  regards  clearness  and  neatness  o 
typographical  work  they  are  all  that  could  be  desired  ;  a  smalle 
page  might  perhaps  have  been  more  convenient. 

4.  Special  Report  of  the  Neuo  York  State  Survey  on  the  Prei 
ervation  of  the  Scenery  of  Niagara  FaUs^  and  Fourth  Annuo 
jReport  on  the  Triangtdation  of  the  State  for  the  year  1879 
Jambs  T.  Gardner,  Director.  96  pp.  8vo.  Albany,  1880. — Thi 
Report  makes  a  strong  appeal  in  oehalf  of  a  cause  which  is  o 
universal  interest,  that  is,  the  restoration  and  preser\'ation  of  th 
natural  attractions  of  Niagara  Falls.  It  is  to  be  hoped  that  th 
necessary  action  will  be  taken  by  the  State  to  accomplish  tbis  in 
portant  end.  The  volume  contains  a  fine  series  of  photographi 
views  illustrating  the  points  raised  in  the  Report.  The  secont 
part  gives  a  statement  of  the  results  accomplisned  by  the  Tope 
graphical  Survey  in  1879. 

The  Winchester  Observatory  of  Yale  College :  Circular  of  the  Horolog^cal  an 
Thermometrical  Bureaus ;  published  by  the  Observatory  Board  of  Maoagera  k 
the  information  of  persons  interested  in  these  public  service&    Seooiid  EditioD, 
pp.  4to.    New  Haven,  Coon.,  1880.— This  circular  will  be  noticed  in  anotbf 
number. 
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'.  TX. — On  the  effects  produced  by  mixing  White  with  Colored 
Light ;  by  Prol  O.  N.  Rood,  of  Columbia  Collie. 

It  was  noticed  several  years  ago  that  when  white  light  was 
mixed  by  the  method  of  rotating  discs  with  light  of  an  ultra- 
marioe  (artificial)  hue,  the  result  was  not  what  one  would 
naturally  have  expected,  viz:  instead  of  obtaining  a  lighter  or 
paler  tint  of  violet-blue  the  color  inclined  decidedly  toward 
violet,  passing,  when  much  white  was  added,  into  a  pale  violet 
hue.  Two  attempts  have  been  made  to  account  for  this  curi- 
ous fact:  Briicke  supposes  that  the  light  which  we  call  white 
is  really  to  a  consideraole  extent  red,  and  that  the  mixture  of 
this  reddish  white  light  with  the  blue  causes  it  to  change  to 
violet  Aubert,  on  the  other  hand,  following  a  suggestion  of 
Helmholtz,  reaches  the  conclusion  that  violet  is  really  only  a 
lighter  shade  of  ultramarine-blue.  He  starts  with  the  assump- 
tion that  we  obtain  our  idea  of  blue  mixed  with  white  from 
the  sky,  which,  according  to  him,  is  of  a  greenish-blue  color.  We 
then  apply,  as  he  thinks,  this  idea  to  the  case  of  a  blue  which 
is  not  greenish,  namely,  to  ultramarine-blue,  and  are  surprised 
to  find  that  the  result  is  diflerent 

It  will  be  shown  in  the  present  paper  that  these  explanations 
are  hardly  correct,  since  they  fail  to  account  for  the  changes, 
which,  according  to  my  experiments,  are  produced  in  other 
colors  by  an  admixture  of  white.  I  prepared  a  set  of  brill- 
iantly colored  circular  discs  which  represented  all  the  principal 
colors  of  the  spectrum  and  also  purple ;  these  discs  were  then 
successively  combined  in  various  proportions  with  a  white  disc 
and  the  effects  of  rapid  rotation  noted,  a  smaller  duplicate 
colored  disc  uncombined  with  white  being  used  for  comparison. 
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Under  these  circumstances  it  was  found  that  the  addition  of 
white  produced  the  changes  indicated  in  the  following  table: 


Vermilion  became  somewhat  purplish. 
Orange  became  more  red. 
Yellow  became  more  orange. 
Greenish  yellow  was  unchanged. 
Yellowish  g^reen  became  more  green. 
Green  became  more  blue-green. 


Cyan-blue  became  less  greenish,  more 

bluish. 
Cobalt-blue  became  more  of  a  violet 

blue. 
Ultramarine  (artificial)  became  more 

violet. 


Blue. 
Cy.  B. 


Purple  became  less  red,  more  violet. 

Exactly  these  same  effects  can  be  produced  by  mixing  violet 
with  the  above  mentioned  colors.  Let  R,  G,  V  represent  the 
three  angles  of  MaxwelFs  color-triangle,  W  being  the  position 
of  white.  Now,  according  to  the  received  theory,  as  we  mix 
white  with  different  colors  we  advance  in  straight  lines  from  the 
angles  or  sides  of  the  triangle  toward  W :  m  point  of  fact, 
however,  I  find,  as  a  result  of  the  above-mentioned  experi- 
ments, that  we  advance  in  curves 
toward  W,  these  curves  being  similar 
to  those  roughly  indicated  in  the  fig- 
ure. The  only  advance  in  straight 
lines  is  along  the  line  joining  violet 
with  its  complement  greenish  yellow. 
The  other  lines  are  disposed  symmet- 
rically about  this  line  as  an  axia 
These  experiments  serve  to  explain 
the  singular  circumstance  that  when 
complementary  colors  are  produced  by  the  aid  of  polarized 
light,  it  is  difiicult  or  impossible  to  obtain  a  red  which  ia 
entirely  free  from  a  purplish  hue,  a  quantity  of  white  light 
being  always  necessarily  mingled  with  the  colored  light  ^lu 
the  case  of  the  red,  orange,  yellow,  ultramarine,  and  purple 
discs,  I  succeeded  in  measuring  the  amount  of  violet  light 
which  different  proportions  of  the  white  disc  virtually  addea  to  , 
the  mixture,  ana  found  that  it  is  not  directly  proportional  to 
the  amount  of  white  light  added,  but  increased  m  a  slower 
ratio,  which  at  present  has  not  been  accurately  determined. 

For  the  exp\anation  of  the  above  mentioned  phenomena, 
Briicke's  suggestion  that  white  light  contains  a  certain  amount 
of  unneutralized  red  light  is  evidently  inapplicable,  since  the 
effects  are  such  as  would  be  produced  by  adding  a  quantity 
not  of  red  but  of  violet  light,  and  for  the  present  I  am  not  dis- 
posed to  assume  that  white  light  contains  an  excess  of  violet 
light     The  explanation  offered  by  Aubert  does  not  undertake 
to  account  for  the  changes  produced  in  colors  other  than  ultra* 
marine,  and  even  in  this  case  seems  to  me  arbitrary ;   neither 
have  I  succeeded  in  framing  any   explanation  in  accordanoe 
with  the  theory  of  Young  and  Helmholtz  which  seems  plausible. 
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Art.  X. — On  some  Phenomena  of  Binocular  Vision;  by 

Joseph  LeConte. 

[Read  before  the  National  Academy  of  Sciences,  April  20,  1880.] 
XL — Latos  of  Ocular  Motion.* 

Ix  March,  1869,  I  published  a  paper  **  on  the  rotation  of  the 
eyes  on  their  optic  axes,  in  convergence."  The*results  reached 
in  that  paper  were  briefly  as  follows : 

L  In  optic  convergence  in  the  primary  visual  plane  there  is 
a  rotation  of  both  eyes  on  their  optic  axes  ouiwardy  and  this 
rotation  increases  with  the  degree  of  convergence. 

2.  In  inclining  the  visual  plane  downward  the  rotation  for 
the  same  dem'ee  of  convergence  decreases  until  when  the  inclin- 
ation is  45°  below  the  primary  position,  the  rotation  becomes 
zero  for  all  d^rees  of  convergence.  Below  45°  the  rotation 
becomes  inwarcL 

8.  In  elevating  the  visual  plane  the  rotation,  for  strong  oon- 
T^gence,  increases. 

There  can  be  no  doubt  that  the  1st  law  is  plainly  in  viola- 
tioD  of  the  Law  of  lasting  which  is  suppodfed  to  govern  all  the 
movements  of  the  eye :  for  that  law  requires  that  all  move- 
ments of  the  eye  in  the  primary  plane  are  eflfected  without  any 
rotation  on  the  optic  axes  (torsion).  But  it  seems  not  impossi- 
ble and  perhaps  not  improbable,  that  the  modifications  of  the 
effect  of  convergence  in  elevating  and  depressing  the  visual 
plane  may  be  the  result  of  the  operation  of  that  law  ;  for  by 
that  law  oblique  position  upward  or  downward  and  to  one  side 
or  the  other  does  produce  rotatioiL  Furthermore,  according  to 
Helmholtz,  oblique  position  upward  and  to  one  side  produces 
rotation  (torsion)  to  the  opposite  side,  and  oblique  position  down- 
^  ward  and  to  one  side  produces  torsion  to  the  sam^  side.  If  this 
be  true,  then  supposing  the  eyes  under  the  influence  of  two 
laws,  viz:  a  law  of  torsion  by  convergence,  and  a  law  of  tor- 
sion by  oblique  position,  in  elevating  and  converjging  the  eyes 
the  two  would  cooperate  and  produce  greater  torsion,  as  indeed 
we  find ;  and  in  depressing  and  converging  the  eyes,  the  two 
would  antagonize  and  neutralize  each  other,  and  thus  decrease 
the  rotation,  as  we  also  find.  This  seems  a  simple  and  satisfac- 
tory mode  of  explaining  the  whole  phenomena  of  torsion  in 
convergence. 

It  was  in  this  spirit  and  the  expectation  of  this  result,  that  I 
recently  undertook  a  re-investigation  of  the  whole  subject  of 
the  laws  of  ocular  motion.  My  first  effort  was  directed  to  a 
thorough  mastering  of  the  law  of  Listing;  for  the  statements 

*  For  tfie  other  papers  on  this  subject,  see  this  Journal,  IF,  vol.  xlvii,  pp.  68 
tad  153,  III,  vol.  i,  p.  33,  vol.  ii,  pp.  1,  314,  417,  and  vol.  ix,  p.  159. 
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concerning  this  law  had  seemed  to  me  inconsistent  with  each 
other.  I  therefore  read  again  carefully  and  thoughtfully  Helm- 
holtz's  great  work  on  Physiological  Optics,  the  acknowledged 
standard  on  this  subject.  I  read  and  re-read  several  timesliis 
chapter  on  the  laws  of  ocular  motion,  and  pondered  upon  his 
resulta  I  repeated  all  his  experiments,  ana  made  many  nipre 
of  my  own.  But  so  difficult  and  delusive  are  experiments  of 
this  kind,  so  beset  on  every  side  with  sources  of  fallacy,  that 
the  more  I  experimented  and  pondered,  the  more  I  became 
bewildered.  But  now  at  last  the  whole  subject  has  become 
clear,  and  all  my  experiments  consistent  with  each  other.  I 
now  see  also,  that  the  true  cause  of  my  bewilderment  was 
not  so  much  the  delusiveness  of  the  phenomena,  but  the  too 
ardent  desire  to  verify  the  results  of  others,  rather  than  to 
determine  the  law  for  myself.  I  have  been  driven  almost 
against  my  will  to  the  conclusion  that  there  are  some  strange 
and  apparently  inadvertent  mistakes  in  Helmholtz's  interpre- 
tation of  Listing's  law,  and  that  this  law  governs  the  motions 
of  the  eyes  only  when  they  move  parallel  to  each  other,  but 
cannot  in  any  way  account  for  the  torsions  of  the  eyes  in 
convercence.  • 

I  wiU  now  detail  the  experiments  upon  which  these  con- 
clusions are  based. 

It  is  well  known  that  spectral  images  (accidental  images 
of  Helmholtz)  are  the  most  accurate  means  of  determining 
the  torsions  of  the  eye.  They  are  so  because  being  the  result 
of  changes  in  the  retina  lasting  sometimes  a  minute  or  more — 
being  in  fact  the  outward  manifestation  of  images  as  it  were 
burned  into  the  retina — they  must  of  necessity  follow  with  the 
greatest  exactness  all  the  motions  of  the  eye.  There  is  no  other 
mode  of  detecting  torsions  of  the  eyes,  in  parallel  motion.  All 
my  experiments,  therefore,  were  made  with  these  images. 

ExperimefU  1. — I  darken  the  experimental  room  by  closing 
the  shutters,  but  allow  the  light  to  enter  through  a  narrow 
vertical  slit  between  two  shutters.  I  now  gaze  steadily  with 
head  erect  on  the  vertical  slit  for  a  minute  or  sa  On  turn- 
ing to  the  blank  white  wall  I  see  distinctly  a  colored  verti- 
cal spectral  image  of  the  slit  I  arrange  my  head  if  neces- 
sary, so  that  the  image  is  perfectly  vertical.  If  I  now  tan 
my  eyes  (without  moving  the  head)  horizontally  right  and 
left,  the  image  remains  vertical ;  if  I  turn  my  eyes  direct!? 
up  or  down,  by  elevating  or  depressing  the  visual  plane  the 
image  still  maintains  its  vertical  position.  Bat  if  I  elevate 
again  the  visual  plane  to  the  extremest  degree,  say  40*^,  and 
then  move  the  point  of  sight  horizontally  as  far  as  possible, 
say  40^  to  the  ri^hl^  the  image  is  no  longer  vertical  bat 
inclines  very  decidedly  to  the  right,  thus  /  .     If  I  move  my 
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eyes  horizontally  to  the  left,  the  image  inclines  equally  to 
the  left,  thus  \  .  If,  after  renewing  the  spectrum,  I  now 
depress  the  visual  plane  40^,  and  then  cause  the  point  of 
sight  to  travel  40°  to  the  rights  the  image  inclines  to  the  left^ 
thus  \  ;  if  the  point  of  sight  moves  to  the  extreme  left,  the 
image  turns  to  the  right,  thus  /  . 

In  all  cases  the  degree  of  inclination  or  torsion  of  the 
image  increases  with  the  degree  of  elevation  or  depression  of 
the  visual  plane  and  the  amount  of  lateral  excursion  of  the 
point  of  si^ht,  right  or  left  Also  the  degree  and  direction 
of  the  torsion  of  the  image  will  be  the  same  for  the  same 
position  of  the  line  of  sight,  however  that  position  may  have 
Deen  reached,  whether  by  two  motions  alon^  rectangular  coor- 
dinates, as  in  the  preceding  experiments,  or  by  oblique  motion 
from  the  first  or  primary  position. 

Eeperiment  2. — I  next  made  similar  experiments,  using  a 
horizontal,  instead  of  a  vertical  image.     Such  an  image  may 
be  made  in  the  same  way,  by  means  of  a  horizontal  sl^  i^ 
the  window.     When  such  an  image  is  thrown  on  a  perpendic- 
ular wall  with  the  eves  in  the  primary  position  (L  e.  with  &ce 
perpendicular  and  tne  eyes  loosing  honzontallv)  its  position  is 
of  course  horizontal     When  the  eyes  move  from  side  to  side 
horizontally,  or  up  and  down  vertically,  it  retains  its  perfect 
horizontality.     But  if  the  eyes  be  turned  obliquely  upward  and 
to  the  right,  the  image  inclines  to  the  left,  thus  - —  ;  if  upward 
and  to  the  left,  the  torsion  is  to  the  right,  thus  — ..     In  depress- 
ing the  plane  of  sight,  movement  of  the  eyes  to  the  right  makes 
the  imaee  incline  to  the  right,  thus  ^-~ ,  while  movement  to  the 
left,  makes  it  incline  to  the  left,  thus  — . 

The /a£t  and  the  direction  of  the  torsion  of  the  images,  both 
Tertical  and  horizontal,  are  very  easily  established  by  the  some- 
what rough  method  just  described.  But  if  we  desire  to  meas- 
ure the  amount  of  torsion  of  the  image,  the  wall  or  other  exper- 
imental plane  must  be  covered  with  rectangular  coordinates 
vertical  and  horizontal.  By  this  means  I  find  that  extreme 
oblique  positions  produce  an  inclination  of  the  vertical  image  on 
the  true  vertical  of  the  wall  of  about  15*^,  but  of  the  horizontal 
image  on  the  true  horizontals  of  the  wall  of  only  about  5^ 
There  is  a  reason  for  this  difference,  which  we  explain  farther  on. 
Putting  now  all  these  results  together,  the  following  diagram 
(Fig.  1)  shows  the  direction  and-  the  degree  of  inclination  of 
the  image  for  all  positions  of  the  point  of  sight — the  center 
representing  the  primary  position,  and  the  corners  extreme 
oblique  positions  of  the  point  of  sight. 

Helmholtz's  results  are  exactly  the  same  as  my  own,  except 
that  he  makes  the  inclination  of  the  vertical  and  the  horizontal 
image  exactly  equal,  while  I  find  the  inclination  of  the  hori* 
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zontal  image  much  less  than  that  of  the  vertical  image.  He 
embodies  his  resulte,  therefore,  in  a  diagram  like  the  above^ 
except  that  the  curves  of  the  vertical  and  the  horizontal  lines 
are  exactly  equal  each  to  each  in  every  part  of  the  diagram, 
while  in  mine  the  vertical  curves  are  mocn  greater. 

The  following  diagram  plainly  shows  that  the  apparent  tor- 
sion of  the  vertical  and  horizontal  images  are  in  opposite  direc- 
1.  tions.      If   the  incliaation 

I  or  torsion  of  the  images 
show  a  corresponding  tor- 
sion of  the  eye,  the  evidence 
of  the  two  images  is  con- 
tradictory. There  mast, 
therefore,  be  a  fallacy  som&^ 
whera  They  both  cannot 
be  right ;  for  when  one 
indicates  toraion  of  the  eye 
to  the  right,  theuther  indi- 
cates toraion  to  the  left, 
;ind  vice -versa.  The  verti- 
cal and  horizontal  curvei 
the  diagram  are  not 
everywijere  at  right  anglee 
to  each  other,  as  they  ought 
to  be,  if  they  were  both  true  representatives  of  ocular  torsion. 
This  is  best  shown  by  using  an  image  in  the  form  of  a  rec^ 
angular  cross. 

Experiment  R. — If  such  an  image,  made  by  gazing  on  a  crow 
slit  in  the  window,  be  used  in  the  experiments  already  described, 
then  on  turning  the  eyes  obliquely  upward  and  to  the  right, 
the  cross  by  the  turning  of  the  two  parts  in  opposite  directions 
is  distorted,  thus  ^,  ao  that  the  angles  are  not  all  right  angles, 
but  70°  and  110°.  On  turning  the  eyes  upward  and  to  the  left, 
the  cross  becomi-a  thus  -\-.,  downward  and  to  the  right,  thus  ~Vi 
to  the  left,  thus  .^.  The  same  mode  of  crossing  is  observed 
in  the  lint'S  of  the  diagram,  and  in  the  cmsses  in  the  corners. 

It  is  perfectly  evident  that  this  distortion  is  produced  by 
projection  of  the  image  on  a  plane  inclined  to  the  line  of  sighL 
■  Helmhollz  also  attributes  this  di.ilortion  to  projection,  but  he 
gives  no  experimental  method  of  eliminating  this  soarce  of 
fallacy.  If  he  had  done  so  he  would  have  escaped  what  I  con- 
ceive to  be  the  error  into  which  he  has  inadvertently  fallen. 

The  method  which  I  use  to  eliminate  this  source  of  fal- 
lacy is  the  obvious  one  of  prm'ecting  the  image  on  a  plane  in 
every  case  perpendicular  to  the  line  of  sight." 

•  with  oweye  "Hue  of  tight"  is  tiie  proper  Wrrn^bul  with  two  ejea  "tntdttm 
Un*  <tf  light."  But  except  in  voiy  ueur  objects  the  difference  is  so  umU  Halt  I 
■hall  neglect  it. 


■ 

■ 

mi 

■ 
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eriment  4. — For  this  purpose  I  prepare  a  plane  a  yard 
!,  and  cover  it  with  vertical  ana  horizontal  lines.  In 
nter  I  place  an  upright  rod  and  make  it  accurately  per- 
:ular  to  the  plane,  i  place  the  plane  inclined  from  the 
idicular  80°-40°,  and  so  set  that  with  the  face  looking 
It  to  the  experimental  window  the  plane  is  30°  or  40® 
and  to  the  right :  and  when  I  turn  my  eyes  obliquely 
d  and  to  the  right,  I  look  directly  on  the  end  of  the 

0  that  it  is  projected  as  a  spot  on  the  plane.  I  thus 
that  the  line  of  sight  is  perpendicular  to  the  plane, 
g  arranged  the  plane  and  my  own  position  to  my  sat- 
on,  I  gaze  on  a  cross  slit  in  the  window  until  the  impres- 
s  as  it  were  branded  upon  the  retina,  and  then  turning 
yes   obliquely    upward   and   to   the   right,  I  throw  the 

on  the  center  of  the  plane.  The  cross  image  retains 
tly  its  rectangular  symmetry,  but  is  rotated  both  parts 
to  die  rightj  thus,  "7^  plainly  showing  a  torsion  of  the 
n  the  same  direction.  I  then  make  a  similar  experi- 
on  the  left  side:  the  cross  turns  to  the  left  thus  J^. 
r  arrange  the  plane  below  the  head  and  to  the  right, 
erpeudicular  to   the   line  of  sight   when   the   eyes  are 

1  m  that  direction.  When  the  image  is  thrown  upon 
lane,  by  turning  the  eyes  obliquely  downward  ana  to 
ght,  the  cross  rotates  thus  J^,  or  when  placed  on  the 
bus  "7C  In  every  case  the  rectangular  symmetry  of  the 
is  perfectly  preserved,  a  sure  sign  that  there  is  no  error 
DJection. 

oerivi^U  5. — Determined  to  neglect  no  means  of  testing 
>rrectness  of  these  results,  I  next  made  experiments  in  the 
air,  using  the  sky  as  the  plane  upon  which  to  cast  the 
;.  This  spatial  concave  is  of  course  everywhere  perpen- 
ir  to  the  line  of  sight,  and  therefore  eliminates  every 
e  of  error  from  projection.  Standing  with  head  erect,  I 
3n  a  perpendicular  flag-staff  until  a  strong  impression  is 

on  the  retina.  If  now  holding  the  head  steady,  I  cast 
nage  on  the  sky  obliquely  upward  and  to  the  right,  the 
i  inclines  decidedly  to  the  right;  if  thrown  similarly  to 
ift,  it  inclines  to  the  left.  With  the  head  in  this  position, 
urse  the  ground  prevents  making  the  same  experiments 
ihe  visual  plane  depressed.     I  therefore  varied  the  condi- 

a  little.  Sitting  on  the  ground  in  front  of  the  college 
ing,  with  the  morning  sun  shining  obliquely  on  its  face,  the 
ndicular  light-colored  pilasters  gleaming  in  the  sunshine, 
ast  strongly  with  the  shadows  which  border  their  north- 
largin.  Gazing  steadily  on  the  building,  I  easily  get  a 
g  spectral  image  of  the  whole  building,  with  its  distinctly- 
ed  vertical  and  horizontal  lines.     Now   throwing  myself 
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flat  on  my  back,  I  see  the  image  perfectly  erect,  in  the  zenith. 
Turning  now  the  eyes  upward  (toward  the  brows)  and  to  the 
right  and  left ;  and  then  downward  (toward  the  feet),  and  to 
tho  right  and  left,  the  whole  image  of  the  building  rotates  with- 
out distortion,  precisely  as  indicated  in  my  previous  experi- 
ments. 

I  am  perfectly  confident  then  that  I  am  justified  in  formu- 
lating the  torsions  of  the  eyes  when  moving  together  with  their 
optic  axes  parallel,  thus: 

1.  When  the  visual  plane  is  elevated  and  the  eyes  move  to 
tho  riigrA^,  they  rotate  on  their  optic  axes  to  the  right;  when 
they  move  to  the  UfU,  they  rotate  to  the  UfL 

2.  When  the  visual  plane  is  depressed^  then  motion  to  the 
right  is  accompanied  by  rotation  to  the  fe/%,  and  motion  to  the 
hft  by  rotation  to  the  right 

8.  The  degree  of  rotation  increases  with  the  amount  of  eleva- 
tion or  depression  of  the  visual  plane,  and  of  the  lateral  excur- 
sion of  the  point  of  sight 

Now,  the  alnwe  laws  (1  and  2)  concerning  the  direction  of 
li>r8ion,  are  preoiselv  the  reverse  of  those  given  by  Helmholtz, 
and  therefore  of  wliat  I  expected  to  find  when  I  commenced 
this  investigation.  I  quote  from  his  work  on  Physiological 
Optica,  French  edition.  1867.*  This  edition  was  revised,  cor* 
reoUni  and  addoil  to  by  Helmholtz  himsell  and  by  bis  owq 
aialemeni  is  not  only  later  but  more  authoritative  than  the 
Qtuman. 

**  Wh«n  the  piano  of  regartl  is  directed  upward,  lateral  displaee- 
m<Nil  lo  tho  right  niakoiit  the  eye  turn  to  the  left^  aod  displacement 
to  tho  Aj/^  makes  it  turn  to  the  right. 

^*  Whon  tho  piano  of  rogani  is  depressed,  lateral  displacements 
10  iho  right  aiv  acoi>m[vanioi!  with  torsion  to  the  rights  and  mo% 


^  In  oihor  w%>rds«  whon  the  vertical  and  lateral  angles  are  both 
0f  ihi^  9am^  itign^  iho  torsion  is  n^gtitir^  :  when  they  are  of  eem- 
Irwy  ««yfM  tho  torsion  is  /Hw/itv,** 

Tho  Yorv  ivverso  of  every  one  of  these  propositions  is  demon- 
ain^blT  true, 

I  noxi  s>ot  m\*^^lf  to  find  out  hv^w  the  mistake  arose.  I  find 
ils  orisfin  ovidontlv  oontAinod  h^.  the  following  statement: 

*•  If  we  thrvMv  a  \YrTu-\ii  imair^e  on  ihe  wall  ^supposed  to  be 
cov^wvi  w^ih  rov^tansnilar  o\v^riiinates  venicad  ana  horizontal), 
w<^  \^wtin  a  rot3itioi>  in  direction  oor.irair  lo  that  which  we 
havy*  j>ist  :wen  v'^^*  tho  ca«*  of  ihe  v^-^rla-^irj^-  ^ma£!eV  In  fact,  if 
c*^  kwfcsi  uptnmi  and  to  the  right,  the  iniauie  i>»  wrf  twm  to  Ae 
het  bnt  V  v^f  T^^h  i%  '^^Ati^^'^,  t^  ;W  !V7t,-«7  /«^w-y  of  the  walL  BiU 
«?wir  «>iKi)^\  A-rtj-^v^A^  frv^m  this  :hai  uiere  is  a  ^'c4aikm  of  the  eye 

*  i>;<^[W  I'l^v^RsiiCip^iWk  ?^  Ml  *  find  MS^ 
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to  Ae  rights  for  in  this  case  the  vertical  Ivies  of  the  wall  do  not  coin- 
dk  with  a  projection,  on  the  wall,  of  a  perpendicular  to  the  plane 
^  regard.  The  latter  would,  on  the  contrary,  appear  turned  in  the 
same  direction  as  the  image,  and  at  an  angle  much  greater  than  thai 
^  Ae  imageJ*** 

In  other  words,  (since  the  plane  perpendicular  to  the  line  of 
8^ht  is  the  only  true  plane  of  projection,  and  verticals  on  that 
p&De  are  perpendicular  to  the  plane  of  regard),  according  to 
Helmholtz  the  horizontal  lines  on  the  wall  are  true  terms  of 
comparison  for  determining  the  rotation  of  spectral  images, 
becaase  they  coincide  with  the  horizontals  on  the  plane  perpen- 
dicular to  the  line  of  sight ;  but  the  vertical  lines  on  the  wall 
are  not  true  terms  of  comparison,  because  they  do  not  coincide 
with  the  verticals  in  the  plane  perpendicular  to  the  line  of  sight 
Now,  the  very  reverse  is  trua  It  is  the  verticals  on  the  wall 
which  coincide  with  the  verticals  in  the  plane  perpendicular 
to  the  line  of  sight  or  perpendiculars  to  the  plane  of  regard,  and 
the  horizontals  on  the  wall  which  do  not  coincide  with  the  hor- 
iiontals  on  that  plana  Therefore,  it  is  the  verticals  on  the 
wall  which  are  the  true  terms  of  comparison,  by  which  to  deter- 
mioe  the  direction  of  torsion  of  the  eye,  and  horizontals  which 
gm  deceptive  results  by  projection. 

As  this  is  a  fundamental  point,  I  must  pause  to  make  it 
detr.  Suppose,  then,  one  stands  in  a  room  before  a  wall  cov- 
ered with  rectangular  coordinates,  vertical  and  horizontal.  Sup- 
pose, farther,  such  an  one  surrounded  by  a  spherical  wire-cage, 
ooDStructed  of  rectangular  spherical  coordinates,  or  meridians 
aod  parallels,  with  pole  above  the  head,  and  eye  in  the  center. 
STidently  the  surface  of  this  spherical  concave  is  everywhere 
perpendicular  to  the  line  of  sight,  and  therefore  like  the  sky,  is 
a  proper  surface  for  testing  the  true  direction  of  rotation  of 
ima^  in  every  position  of  the  eya  Evidently,  also,  the 
mefidians  and  parallels,  everywhere  at  right  angles  to  each 
other,  are  the  true  coordinates  with  which  to  compare  the  spec- 
tral images,  in  order  to  determine  the  direction  and  degree  of 
their  rotation.  Now  the  simple  question  is:  how  do  these 
meridians  and  parallels  project  themselves  on  the  wall,  to  an 
observer  at  the  center?  How  would  their  shadows  be  cast  by 
alight  at  the  center?  Evidently  the  meridians  would  be  cast 
as  straight  vertical  lines,  and  therefore  coincident  with  the  ver- 
ticals on  the  wall.  But  the  parallels  would  be  projected  not  as 
straight  horizontal  lines,  and  therefore  not  coincident  with  the 
horizontals  on  the  wall,  but  as  hyperbolic  curves  inclined  in  the 
same  way  as  the  horizontal  image  in  Helmholiz^s  diagram,  hut  at 
much  greater  angle,  I  repeat,  then,  that  the  inclination  of  the 
yertieal  image  on  the  vertical  lines  of  the  wall  gives  the  true 

t  Ibid,  p.  606. 
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toraion  of  the  eye,  but  the  iaclination  of  the  horizontal  i 
on  the  horizontal  lines  of  the  wall  does  not  give  the  tru 
non  of  the  eye. 
There  are  many  other  ways  of  testing  the  truth  oi  thi 

Eroposition  and  the  falsity  of  the  reverse  statement  of  I 
olt^  If  we  make,  as  mfore,  a  vertical  image,  and  in 
of  turning  the  eyes  upward  and  to  the  right,  turn  the 
to  the  right  and  the  face  upward  and  cast  the  image  o 
'extreme  right  and  upper  portion  of  the  wall ;  the  v( 
image  will  be  projected  vertically  on  the  wall,  but  a 
zoDlal  image  cast  to  the  same  place,  in  the  same  way 
be  inclined  in  the  same  way  as  in  Helmholtz'a  diagran 
al  much  greater  angle.  In  this  case,  .the  eyes  are  in  the  pri 
position,  and  therefore  there  ia  no  rotation  at  all,  the  in 
.  tion  of  the  horizontal  image  is  the  result  of  projection  alo 
Without  any  attempt  at  mathematical  accuracy,  the 
gram,  figure  2,  shows  Uie  manner  in  which  spherical 
dinateE  would  project  on  a  plane  perpendicular  wall, 
crosses  in,  the  corners  show   how  a  rectangular   cross    i 


would  be  distorted  by  jyrcgection  alone.     Now  by  caretuj 

ting,  I  have  found  that  at  a  point  40°  upward  or  down 

and  40"  to  one  side  right  or  left,  the  inclii 

ml         of  the  hyperbolic  curves  with  the  true  horia 

y  of  the  wall  is  about  20" — which  makes  the  t 

___h^^  of  the  projected  cross  70"  and  110°.     The  ro 

^  of  such  a  cross  15°.  would  give  exactly  the  r 

/|  obtained  by  experiment.     In  figure  3,  the  I 

cross  shows  the  position  of  the  image  whe 

torted  by  projection  only,  and  the  lighter  lines  the  sai 

rotated  16°  to  the  right     Aa  the  result  of  this  rotatioi 

vertical  line  ia  inclined  15'  to  (Ae  right,  while  the  horizonta 

is  inclined  only  5°  to  the  l^  as  we  found  by  experiment. 
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^refore,  the  diagram  which  expresses  correctly  the  real 
[)8  of  the  eyes,  in  every  position  of  the  line  of  sight, 
s  diagram  which  shows  the  inclination  of  the  vertical 
lorizontal  images,  when  referred  to  the  meridians  and 
els  of  a  spatial  concave  everywhere  perpendicular  to 
le  of  sight,  is  shown  in  figure  4.  In  this  diagram  the 
representing  the  inclination  of  the  vertical  and  horizontal 
e  are  everywhere  at  right  angles  to  each  other,  and  always 
1  in  the  same  direction.  By  simple  inspection  of  this 
I  the  law  of  torsion  of  the  cross  images  and  thecefore  of 
res  in  various  positions  is  seen  at  a  glanca 
t  again,  and  finally,  Helmholtz's  statements  in  regard  to 
Irection  of  torsion  are,  it  seems  to  me,  in  direct  contradic- 

0  his  own  general  formulation  of  Listing's  law,  taken  from 
g  himself  This  general  formula  is  as  follows :  "  When 
m^  regard  passes  from  the  primary  position  to  any  other 
m^  the  angle  of  torsion  of  the  eye  in  its  second  position,  is  the 
jstf  the  eye  had  come  to  this  second  position  by  turning  about 
i  axis  perpendicular  both  to  the  first  and  to  the  second  posi- 
^  the  line  of  regard^*  Now  an  axis  which  satisfies  tnese 
tiQUB  can  be  none  other  than  an  equatorial  axis,  i.  e.,  an 
%  iifffat  angles  to  the  polar  or  optic  axis.  In  turning  from 
»;fMae  horizontally,  it  is  a  vertical  equatorial  axis.  In 
lit.llp  and  down,  it  is  a  horizontal  equatorial  axis.  In 
lff9Dliqaely,  as  in  the  experiments  on  torsion,  it  is  an 
pfMUatorial  axis.  Now  let  any  one  take  a  globe,  and 
ijj^iijjj^e  equator  in  a  vertical  plane,  make  a  distinct  vertical 
omootiu  mark  across  the  pole.     If  now  the  globe  be 

1  im  an  oblique  equatorial  axis  so  that  the  pole  shall  look 
rjl  diod  to  the  ri^bt,  it  will  be  seen  that  the  polar  cross  is 
iger  vertical  and  horizontal,  but  has  rotated  to  the  right, 
le  left,  as  Helmholtz's  statements  would  indicate.  Turn- 
^  the  globe  on  a  fixed  axis  so  that  the  pole  looks  upward 
3  the  left,  will  cause  the  cross  to  rotate  to  the  left  So 
ig  downward  and  to  the  right,  produces  rotation  to  the 
nd  to  the  left  rotation  to  the  right  If  the  globe  turns 
)n  an  axis  inclined  45**  to  the  vertical,  and  through  an  arc 
**,  the  rotation  of  the  polar  cross  will  be  exactly  45**. 
Listing's  law,  as  understood  by  himself,  is  in  exact  accord- 
with  my  results. 

ave  now,  I  believe,  established  on  the  firm  b^sis  of  exper- 
»,  the  true  law  of  torsion  of  the  eyes,  when  moving  paral- 
each  other.  I  have  also  shown  that  it  is  identical  with 
igs  law,  properly  understood,  and  I  shall  therefore  con- 
to  call  it  by  that  name.  Misled  by  Helmholtz's  very  pos- 
statements,  I  commenced  this  investigation  with  the  expec- 

*  Op.  cit,  p.  606. 
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tation  that  the  operation  of  Listing's  law,  when  combined  with 
that  of  convergent  motion,  would  completely  explain  all  the 
phenomena  described  in  my  previous  paper.  In  this  expecta- 
tion I  have  been  disappointed.  On  the  contrary,  the  investi- 
gation brings  out  in  stronger  relief  than  ever  before,  the  com- 
plete contrast  between  the  two  laws.  We  would  thus  formulate 
the  contrast : 

1.  When  the  eyes  move  in  the  same  direction  parallel  to  each 
other,  in  the  primary  plane^  there  is  no  torsion  or  rotation  oo 
the  optic  axis ;  but  when  they  move  in  the  primary  plane  in 
opposite  directions  as  in  convergence,  they  rotate  outward,  i.  6l, 

toward  the  temples,  thus  Z'     1)|j^  £^    ^ 

2.  When  the  plane  of  sight  is  elevated,  and  the  eyes  move 
together  parallel  to  each  other,  then  if  the  lateral  motion  is  to 
the  right,  the  rotation  is  to  the  right,  if  to  the  left,  the  rota- 
tion is  to  the  left;  but  when  in  the  same  position  of  the  visual 
plane,  the  eyes  move  in  opposite  directions,  as  in  convergence, 
then  as  the  right  eye  moves  to  the  left  (toward  the  nose)  it 
rotates  to  the  right,  and  as  the  left  eye  moves  to  the  right  (i.  a, 
toward  the  nose),  it  rotates  to  the  left.  If  Listing's  law  operated 
at  all  in  convergence,  it  would  tend  to  neutralize  the  contrary 
effect  of  convergence ;  but  such  is  not  the  fact. 

8.  When  the  visual  plane  is  depressed^  the  direction  of  rota- 
tion is  the  same  for  parallel  motion  and  convergent  motion ;  in 
both  cases  the  rotation  is  contrary  to  the  direction  of  motion. 
But  there  is  this  great  difference  between  the  two ;  by  the  law 
of  parallel  motion,  the  rotation  increases  with  the  angle  of  depres- 
sion, while  b^  the  law  of  convergent  motion,  it  decreases  to  zero 
at  45**.  If  Listing's  law  operated  at  all  in  convergence,  it  would 
in  this  case  cooperate  and  increase  the  motion,  but  the  reverse 
is  the  fact,  the  rotation  decreases. 

4.  There  can  be  no  doubt  that  in  oblique  motion  the  verti- 
cal and  horizontal  meridians  of  the  eye  become  actually  inclined 
on  the  true  vertical  and  true  horizontal,  and  that  if  we  observed 
.  the  iris  of  another  person  we  would  see  it  apparently  rotated 
like  a  wheel.  But  although  in  deference  to  usage  of  other 
writers  and  to  appearance,  I  have  called  this  change  a  rotation 
on  the  optic  axis,  yet  it  seems  to  me  it  cannot  be  properly  so 
called.  For  all  parallel  motions  of  the  eyes  are  rotations  on 
equatorial  a(xes,  and  therefore  on  axes  in  a  plane  perpendictdar 
to  the  polar  or  optic  axis,  and  therefore  cannot  be  resolved  into 
rotations  on  the  latter.  In  parallel  rotation,  therefore,  the  so- 
called  torsion  is  only  apparent  and  the  result  of  position^  or  in 
other  words  the  result  of  reference  to  a  new  spatial  meridian. 
Turning  the  eye  from  side  to  side  in  the  primary  plane  pro- 
duces no  torsion  because  all  the  spatial  meridians  are  there 
parallel^  but  turning  from  side  to  side  in  an  elevated  plane  pro- 
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68  apparent  torsion,  because  the  spatial  meridians  are  there 
vergenL  But  in  convei^ent  motion,  on  the  contrary,  there 
recU  rotation  on  the  polar  or  optic  axis.  This  is  shown  by 
fact  proven  in  my  previous  paper*  that  one  eye,  without 
Dging  its  position,  will  rotate  tnrough  the  influence  of  the 
vergent  motion  of  the  other  eye. 

i.  It  would  seem  at  first  sight,  that  spectral  images  might  be 
d  also  for  determining  rotations  of  the  eyes  in  conver^nce, 
;  tbey  cannot  be  used  for  this  'purpose  at  all.  This  Brings 
>  view  another  point  of  contrast,  between  convergent  and 
allel  motion,  in  parallel  motion  spectral  images  follow  all 
t  motions  of  the  eyes  up  and  down,  or  to  right  and  left,  and 
their  rotations  to  one  side  or  the  other,  with  the  utmost 
ictness.  In  convergent  motion,  on  the  contrary,  though  the 
38  may  each  move  tnrough  an  angle  of  46®  or  more,  the  posi- 
n  of  the  spectral  image  is  the  same,  viz:  in  front;  and 
mgh  the  eyes  in  extreme  convergence  may  rotate  in  opposite 
wtions  each  10°,  yet  the  spectral  image  retains  its  vertical 
sition.  The  reason  of  this  is  that,  although  there  are  two 
inal  brandings,  and  therefore  two  spectral  images,  the  exter- 
I  representatives  of  these  brandings,  yet  the  brandings  being 
corresponding  points  of  the  two  retinae,  their  external  rep* 
lentatives,  the  two  spectral  images,  are  indissolubly  unitea. 
eir  separation,  either  wholly  or  partially,  would  be  a  viola- 
n  of  the  law  of  corresponding  points,  a  law  which  is  never 
)lated  under  any  circumstances  whatever, 
[n  conclusion,  then,  it  is  evident  that  when  the  eyes  move  in 
J  same  direction,  parallel  to  each  other,  as  in  ordinary  vision 
objects^  all  their  motions  are  governed  by  the  Law  of  Listing, 
it  when,  on  the  contrary,  they  move  in  opposite  directions,  as 
strong  convergence,  then  the  law  of  Listing  is  entirely  abro- 
:ed  or  overborne,  and  another  law.  reigns  in  its  place. 


Ajit.  XI. — Bemardinite :  Its  Nature  and  Origin;  by  J.  M. 

Stillman. 

[n  a  previous  number  of  this  Journalf  I  published  the  re- 
ts of  a  chemical  investigation  of  a  resinous  substance  from 
Q  Bernardino,  sent  to  me  by  Hon.  B.  B.  Redding,  which  was 
d  to  occur  in  the  form  of  vein  in  detached  masses,  and  the 
in  to  be  traceable  for  three  miles.  The  finders  (farmers  or 
anchers "  of  that  vicinity)  sent  at  the  same  time  pieces  of 
;k  as  vein-stuff*  which  contained  this  peculiar  resinous  sub- 
mce  in  the  crevices.  Some  months  later  another  specimen 
IS  sent  to  this  University  from  Santa  A£La  in  the  same  section 

*  Ttus  Journal,  II,  vol.  xlvii,  p.  162.  f  £11,  voL  xviii,  p.  6*7. 
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of  the  country  by  a  resident  who  stated  in  his  letter  that  on 
throwing  a  match  upon  the  ground  he  was  surprised  to  see 
these  rocks  take  fire  and  bum.  He  therefore  sent  a  piece  to 
be  examined. 

The  specimens  furnished  to  Mr.  Bedding  were  examined  by 
me  and  the  result  published  in  the  above  mentioned  artide; 
The  substance,  which  was  extremely  light,  white  and  porous, 
almost  chalky,  was  shown  to  be  mainly  a  well-markea  resin, 
leaving  but  a  trace  of  an  asR  on  combustion.  No  theory  was 
advanced  as  to  its  origin,  attention  simply  was  called  to  ill 
structure : — ^^  On  fracture  it  presents  a  slightly  fibrous  struct* 
ure.  Under  the  microscope  it  exhibits  a  two-fold  structure,-— 
a  quantity  of  very  fine,  irregular  fibers  permeating  a  mass  of  t 
bnttle,  amorphous,  structureless  substance."  Since  that  paper 
was  written  I  have  endeavored  to  obtain  more  definite  iniorm* 
ation  as  to  the  origin  and  occurrence  of  this  peculiar  substancei 
The  region  of  its  occurrence  is  so  remote  and  so  inaccessible 
that  it  has  been  impossible  for  me  to  investigate  the  matter 
in  person,  and  difficult  to  find  competent  persons  whose  busi- 
ness takes  them  into  that  region.  However,  from  reports  ob- 
tained  through  the  agency  of  Mr.  Redding,  I  feel  tolerably  con- 
fident that  tne  true  nature  and  origin  of  this  substance  has 
been  cleared  up. 

It  seems  that  there  grows  and  probably  has  grown  for  a  long 
time  a  species  of  conifer  which  exudes  lai^^e  masses  of  a  resin- 
ous secretion  from  abrasions  or  wounds.  These  resinous  masses 
are  reported  to  attain  considerable  size,  and  to  fall  off  from  their 
own  weigh  t  However  that  may  be,  the  detached  resin  either  from 
hllen  and  decayed  trees,  or  from  living  trees,  becomes  scattered 
over  the  surface  of  the  country  and  mixed  with  sur&K^  soil  and 
rocks.  By  a  long  process  of  evaporation,  action  of  atmosphere, 
and  the  leeching  and  bleaching  agency  of  the  snow  which  eoven 
the  ground  for  a  large  portion  of  the  year,  these  resinous  masses 
lose  all  vestiges  of  volatile  and  soluble  matter  and  at  the  same 
time,  a  fungus  growth  permeates  and  splinters  the  whole  mass 
into  minute  fragments  rendered  coherent  by  the  fibers  of  the 
fun^s.  Hence  the  two-fold  structure  noted,  the  funras  growth 
as  shown  in  the  previous  paper,  amounting  to  less  than  10  per 
cent  of  the  mass. 

The  perfect  change  which  has  taken,  place  in  the  resin  by 
these  agencies  evidence  that  the  resin  must  have  been  exposed 
for  an  indefinite  period  to  atmospheric  agencies,  and  have  at- 
tained a  position  of  equilibrium  toward  its  surrounding  condi- 
tions.  It  is  therefore  apparenUy  entirely  a  surface  formation, 
which  however  has  in  process  of  time  become  so  mixed  in  with 
surbu^  soil  and  rocks  as  in  some  instances  to  present  the  ap* 
pearance  of  being  in  siiiu 
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Art.  XIL —  Recent  Researches  on  the  Lunar  Theory ;  by  John 

N.  Stockwbll. 

Ik  the  November  and  January  numbers  of  this  Journal  I 
bmve  given  some  account  of  the  inequalities  in  the  moon's  mo- 
tioD,  arising  from  the  oblateness  of  the  earth.  I  now  propose 
to  g^ve  a  somewhat  detailed  account  of  my  investieations  into 
die  general  theory  of  the  moon's  motion  as  affected  by  the  sun's 
ittraction.  Although  this  problem  has  undoubtedly  received 
more  attention  from  mathematicians  and  astronomers,  during 
die  past  century,  than  any  other  arising  from  the  general  grav- 
itation of  matter,  it  is  nevertheless  conceded  by  those  who 
love  given  most  attention  to  the  subject,  that  the  best  lunar 
theories  of  the  present  day  are  essentially  defective  and  erro- 
neous ;  and  that  they  signally  fail  to  represent  the  motions  of 
die  moon  with  a  precision  at  all  commensurate  with  the  refine- 
ments of  calculation. 

Early  in  the  vear  1876, 1  called  the  attention  of  my  friend, 
the  late  Leonard  Case,  to  the  unsatisfactory  state  of  the  lunar 
theory,  and  he  immediately  suggested  that  I  should  undertake 
a  thorough  and  systematic  examination  of  the  physical  theory 
of  the  moon's  motion,  for  the  purpose  of  ascertaining  whether 
the  acknowledged  defect  arose  from  some  oversight  committed 
in  the  development  of  the  theory,  or  was  due  to  the  omission 
of  some  of  tne  smaller  terms  of  the  series  produced  by  an 
otherwise  correct  development  At  the  same  time  Mr.  Case, 
with  characteristic  generosity,  offered  to  defray  all  the  expenses 
•rimng  from  the  prosecution  of  these  researches. 

The  opportunity  thus  presented  for  a  thorough  investigation 
of  the  lunar  theory  was  therefore  very  cheerfully  accepted, 
although  I  had  some  misgivings  as  to  my  ability  to  do  justice 
to  a  subject  which  had  successfully  baffled  the  best  efforts  of 
mathematicians.  I  had,  however,  somewhat  familiarized  my- 
self with  some  of  the  methods  employed  by  mathematicians  in 
the  treatment  of  this  and  similar  problems  by  devoting  the 
little  leisure  at  my  command  to  this  subject  during  a  number 
of  years.  The  subject  was  therefore  quite  in  harmony  with 
my  previous  course  of  reading,  and  notwithstanding  some  false 
steps  have  been  made  in  the  application  of  a  new  method  of 
iDalysis,  the  results  at  last  obtained  are  both  interesting  and 
satisfactory. 

In  my  investigations  thus  far  T  have  not,  however,  attempted 
to  carry  on  the  approximation  to  terms  of  so  high  an  order  of 
magnitude  depending  on  the  eccentricity  and  inclination  of  the 
orbit,  as  Delaunay  and  others  have  done.  I  preferred  rather  to 
first  satisfy  myself  that  no  systematic  error  among  terms  of  the 
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third  or  fourth  orders  of  magnitude  depending  on  these  quai 
tities  had  by  any  means  found  its  way  into  the  calculation 
because  such  errors  would  vitiate  the  calculations  of  the  tern 
of  a  still  higher  order.  My  investigation  includes  all  tb 
terms  of  perturbation  arising  from  the  fourth,  and  inferic 
powers  of  the  eccentricity  and  inclination  of  the  orbits  of  it 
sun  and  moon,  while  tne  investigations  of  Delaunay  inclu^ 
the  sixth  power  of  these  quantities.  The  general  agreement  < 
mv  work  with  the  results  of  Delaunay^s  calculation  is,  on  Ht 
wnole,  quite  satisfactory,  but  there  are  a  few  cases  in  which  tl 
results  are  entirely  at  variance,  even  in  terms  of  the  third  an 
fourth  orders.  In  this  discussion  I  shall  restrict  myself  to  tl 
comparison  of  those  terms  in  which  the  agreement  is  alma 
perfect,  and  also  to  those  in  which  they  are  most  widely  diffe 
ent 

I  will  first  give  the  value  of  that  part  of  the  co-efficient  < 
the  inequality  which  is  known  by  the  name  of  varicUicri^  whic 
is  independent  of  the  eccentricities  and  inclinations  of  tl 
orbits.  According  to  my  method  of  development  this  coefl 
cient  is  composed  of  the  following  terms : 

211l'-841-6'-662-0'-030— 0'-0007=2106'-248. 

According   to    Delaunay's    development,    this   coefficient 
made  up  of  the  following  terms : 

1686' '888+424' •447+80'-091+12'-769+l'-809+0'-223+0'-02: 

=2106'-248. 

These  two  results  are  identically  equal  to  each  other.  Bi 
a  most  important  distinction  between  tnem  is  the  convergenc 
of  the  senes  by  which  they  are  determined.  The  four  teni 
of  my  development  are  nM>re  accurate  than  seven  terms 
Delaunay 's,  since  the  seventh  term  of  the  latter  series  is  thir 
times  greater  than  the  fourth  term  of  the  former. 

If  we  now  compare  the  coefficients  of  the  term  whose  arg 
ment  is  twice  the  argument  of  the  variation^  we  shall  find,  a 
cording  to  my  development — 

8'-789  -0'-056— 0'-0001=8'-Y33 ; 

while  Delaunay  gives 

6'-070+2'-612+0'-813+0'-196+0'-060=:8'-Y61. 

These  two  coefficients,  though  practically  equal  to  ea( 
other,  show  the  same  remarkable  difference  in  the  convergen< 
of  the  series,  the  second  term  of  my  development  being  small 
than  the  fifth  of  Delaunay's. 

For  the  equation  whose  argument  is  three  times  argument 
the  variation,  I  find  0"-0493-0"-0005=0"-0488,  whUe  Dela 
nay  gives  0'-0218+0"-0167=0''-0385. 
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This  coefficient  of  Delaunay^s  is  about  one-fourth  part  too 
small,  since  he  has  not  carried  the  approximation  to  terms  of 
so  high  an  order  as  he  did  for  the  two  former  cases.  To  show, 
however,  that  my  coefficient  is  correct,  I  would  observe  that 
the  Monthly  Notices  of  the  Royal  Astronomical  Society  for 
November,  1877,  contains  a  paper  by  Prof.  J.  C.  Adams,  which 
purports  to  give  the  coefficients  of  the  equations  we  have  been 
comparing,  with  extreme  accuracy.  If  we  reduce  his  coeffi- 
cient of  sin6(n<— n'O  to  seconds  of  arc,  we  obtain  0"*0490  for 
this  coefficient,  a  value  almost  identical  with  my  own.  For  the 
coefficient  of  sin8(n/-n'^)  I  find  0" -00034,  while  according  to 
Prol  Adams  it  is  O'^OOOSl. 

According  to  my  development  the  coefficient  of  the  paral- 
lactic inequality  is  composed  of  the  following  terms : 

84'-523+26'-801+10'-280+3'-872=126'-476, 

while  Delaunay  gives  the  following  series  of  terms : 

74'-028+84'-330+ll'-886-|-i'-428+l'-862-i-0'-712+0'-381 

=127'-621. 

The  coefficient  of  this  inequality  is  one  of  the  most  trouble- 
Bome  to  be  determined  by  the  theory,  and  the  four  terms 
above  given  are  all  I  have  yet  rigorously  computed.  If  we 
estimate  the  sum  of  the  remaining  terms,  by  induction  from 
those  already  calculated,  we  should  increase  the  preceding  co- 
efficient by  2''*10,  which  would  make  it  equal  to  127''-58. 
Delaunay's  coefficient  ought  also  to  be  increased  for  the  same 
leason,  by  about  0"*38,  which  would  make  it  about  128'' "OO. 
These  coefficients  correspond  to  a  solar  parallax  of  8'''75.  Ac- 
cording to  my  calculations  the  eccentricity  and  inclination 
would  diminish  this  coefficient  by  2"*11 ;  and  if  we  assume  the 
mass  of  the  moon  to  be  one-eighiieih  of  the  earth's  mass  the  per- 
turbations of  the  earth  by  the  moon  would  diminish  it  by  2  10 
more.  The  theoretical  coefficient  for  the  above  value  of  the 
parallax  would  therefore  be  123"-37.  Were  the  exact  value 
of  the  coefficient  of  this  inequality  determined  from  observa- 
tion, we  might,  by  comparing  it  with  the  theoretical  coefficient, 
determine  the  correction  to  our  assumed  solar  parallax. 

The  preceding  inequalities  are  the  principal  ones  in  which 
the  coefficients  of  different  theories  are  directly  comparable 
with  each  other.  For  those  inequalities  in  which  the  eccen- 
tricity and  inclination  enter  as  factors,  the  value  of  the  coeffi- 
cient depends,  to  a  certain  extent,  on  the  manner  in  which  the 
arguments  of  the  different  equations  are  measured.  In  most  of 
the  lunar  theories  the  anomalies  are  measured  on  the  plane  of 
the  orbit,  while  the  longitudes  are  measured  on  the  plane  of 
the  ecliptic; — a  needless  complication,  which  1  have  carefully 
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avoided.  However,  in  order  to  show  the  rapid  convergency  of 
the  series  which  determine  the  principal  periodic  inequalities 
depending  on  the  eccentricity  and  inclination  of  the  orbit,  I 
here  give  the  two  terms  of  the  coeflScient  of  the  evection  which 
I  have  computed.  The  first  two  terras  depending  on  the  first 
power  of  the  eccentricity  are  as  follows: 

4280'-9+122'0, 

while  Delaunay  gives  the  following  terms  : 

3176'-4+1041'-6+297'-6-f-72'-3. 

It  is  evident  that  the  first  series  converges  about  ten  times 
as  rapidly  as  the  second. 

The  preceding  comparison  is  sufficient  to  show  the  correct- 
ness and  value  of  the  method  which  I  have  employed  in  the 
problem  of  the  moon^s  motion  ;  and  I  shall  now  mention  a  few 
cases  in  which  my  results  are  wholly  difierent  from  what  other 
calculators  have  found  for  the  same  inequalities. 

Before  doing  so,  however,  I  would  observe  that  there  are 
certain  fundamental  and  axiomatic  conditions  which  ought  to 
be  satisfied  by  the  results  arrived  at,  whatever  be  the  method 
of  analysis  which  we  may  employ.  In  the  present  case  the 
condition  to  be  satisfied  is  simply,  That  all  the  terras  introduced 
into  the  expressions  of  the  coorainates  by  the  disturbing  function 
ought  to  disappear  when  the  disturbing  function  is  put  equal  to 
nothing.  It  is,  however,  a  remarkable  fact  in  connection  with 
the  lunar  theory,  that,  among  the  four  hundred  and  seventy-nine 
equations  of  the  longitude  given  by  Delaunay,  there  are  five, 
arising  from  the  sun's  attraction,  which  do  not  disappear  when 
the  disturbing  function  is  put  equal  to  nothing.  From  this 
circumstance  it  is  easy  to  conclude  that  there  must  be  some- 
thing seriously  wrong  in  his  development,  notwithstanding  its 
intricacy  and  refinement.  The  same  remark  is  also  applicable 
to  the  lunar  theories  of  LaPlace,  Plana  and  Pont6coulant 

The  most  important  of  these  equations  are  those  having  the 
arguments,  2F  —  Z,  and  D  4- 1\  in  Delau nay's  theory  ;  or,  twice 
the  moons  distance  from  the  node  minus  the  mean  anomaly ,  and 
the  moon^s  longitude  minus  the  longitude  of  the  sun^s  perigee. 
The  first  of  these  is  an  inequality  of  pure  elliptic  motion,  with 
a  coefficient  of  +45"4,  while  the  coefficient  arising  from  per- 
turbation amounts  to  —84'' '8,  28''  only  of  which  disappears 
when  the  disturbing  function  is  put  equal  to  nothing.  Accord- 
ing to  my  analysis,  the  coefficient  of  this  inequality  arising 
from  perturbation  amounts  to  only  0"'18,  a  quantity  less  than 
a  four  hundredth  part  of  Delaunay's  coefficient  arising  from  the 
same  cause. 

The  coefficient  of  the  second  equation,  mentioned  above, 
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depends  entirely  on  pertarbation,  and  has  a  value  of  about  17'^ 
aoooiding  to  Delaunay,  while  I  find  a  coefficient  of  only  0''03. 
These  two  equations  present  the  most  remarkable  differences 
which  I  have  found  among  the  equations  of  short  period  in  the 
moon*s  motion. 

The  inequalities  of  long  period,  or  those  which  depend 
wholly  on  the  variation  of  tne  elements  of  elliptical  motion 
ire  also  very  easily  computed  by  my  method.  The  values  of 
the  inequalities  oi  this  kind  are  subject  to  very  simple  and 
precise  laws ;  so  that  if  we  have  computed  the  coefficient  of  an 
inequality  arising  from  a  given  force  and  having  a  given 
period,  we  may  deduce  the  coefficient  of  any  other  inequality 
vising  from  a  diflerent  force  and  having  a  diflFerent  period, 
directly  from  it.  For  convenience  we  may  divide  the  inequali- 
ties of  long  period  into  two  classes,  according  to  the  nature 
of  the  forces  which  produce  them.  We  shall  therefore  desig- 
nate the  inequalities  arising  from  the  variation  of  the  central 
force  as  class  (A),  and  those  arising  from  the  tangential  force 
IS  class  (B).  Then  firsi^  the  inequalities  arising  from  forces  of 
class  (A)  are  to  each  other  as  the  products  of  the  forces  by  the 
periods  of  their  respective  arguments;  and  second^  the  inequali- 
ties produced  by  forces  of  class  (B)  are  to  each  other  as  the 
products  of  the  forces  by  the  squares  of  the  periods  of  their 
arguments. 

We  may  also  easily  obtain  the  inequalities  produced  by 
either  class  of  forces  from  the  inequalities  produced  by  the 
other  class.  For  example,  suppose  the  inequalities  of  the 
central  force  /  having  a  period  a,  is  found  by  calculation  to 
produce  an  inecjuality  7?^,  in  the  moon's  longitude,  and  we  wish 
to  obtain  the  mequality  produced  by  a  tangential  force  /', 
having  a  period  a.  If  we  call  this  second  inequality  m\  I 
find  the  following  relation  exists  between  the  two  inequalities : 

3m /'«'•=  ''2m' fan. 

3      f  a'^ 
This  gives  m'=  — -^"^  ~f  — »  7i  here  denoting  the  moon's  period 

of  revolution.  If /=/'  and  a  ==  a  =  118*3n,  which  corres- 
ponds nearly  to  the  period  of  the  moon's  perigee,  we  find 

m'z=  —178m, 

whence  it  follows  that  for  equal  central  and  tangential  forces 
having  a  period  of  about  nine  years,  the  tangential  force 
would  dimmish  the  moon's  longitude  one  hundred  and  seventy- 
eight  times  as  much  as  the  central  force  would  increase  it,  and 
via  versa. 

There  are  two  inequalities  of  long  period  in  the  moon'? 
motion  which  have  been  much  discussed  by  astronomers.  They 
have  for  arguments,  twice  the  difference  of  longitude  of  perigee 
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and  node  of  the  lunar  orhii^  and  the  difference  of  longitudes  of 
perigee  of  sun  and  moon^  respectively.  Plana  was  the  first  to 
give  a  correct  approximate  solution  of  the  problem  of  the  first 
of  these  inequalities,  which  is  produced  wholly  by  the  varia- 
tions of  the  central  force.  By  means  of  a  laborious  investiga- 
tion, occupying  about  fifty  pages  of  his  Theory  of  the  Moon's 
Motion,  he  has  obtained  a  tolerably  correct  approximation  to 
the  value  of  the  inequality.  He  obtains  4-l'^405  for  the  sum 
or  the  elliptic  and  perturbed  coefiicient;  but  the  elliptic  co- 
efficient is  equal  to  —  0''*982 ;  whence  it  follows  that  the  coeffi- 
cient due  to  perturbation  amounts  to  about  -f  2'''84.  I  obtain, 
almost  without  labor,  4-2"*54  for  the  value  of  this  coefficient. 
The  second  inequality  is  produced  by  both  classes  of  forces, 
and  the  determination  of  its  coefficient  is  more  complicated 
than  that  of  the  inequality  just  mentioned.  The  value  of  the 
force  of  class  (A),  wnich  produces  the  inequality,  is  about  one- 
fifth  of  the  former,  but  it  has  a  period  about  three  times  as  long. 
The  inequality  produced  by  this  force  ought  to  be  about  three- 
fifths  of  the  former  inequality,  which  would  make  it  equal  to 
l''*52.  But  the  tangential  force  is  far  more  effective,  since  the 
inequalities  produced  are  proportio.ial  to  the  squares  of  the 

{)eriods  of  the  arguments.  I  find,  however,  by  an  exact  calcu- 
ation  that  the  part  of  the  coefficient  of  this  inequality  which 
arises  from  the  central  force  amounts  to  4-l''45  ;  while  the  part 
of  it  which  arises  from  tangential  force  amounts  to  -f  107""08; 
thus  making  the  coefficient  of  the  inequality  equal  to  108'''53. 
The  solutions  of  Plana,  Pont6coulant  and  Delaunay,  all  make 
the  coefficient  equal  to  about  0''4,  when  quantities  of  the  same 
order  only  are  included. 

It  is  remarkable  that  the  inequalities  of  long  period  arising 
from  the  two  classes  of  forces  which  produce  them  shoula 
follow  the  same  law  as  the  acquired  velocity,  and  space  passed 
over,  by  falling  bodies  at  the  surface  of  the  earth,  the  one 
bein^  proportional  to  the  time  and  the  other  to  the  square  of 
the  time. 

If  we  extend  the  comparison  to  the  variation  of  the  ele- 
ments, we  shall  find  that  the  method  which  I  have  employed 
possesses  the  advantage  of  more  rapid  convergency.  For 
example,  I  find  for  the  first  two  terms  of  the  mean  motion  of 
the  perigee  the  following  value : 

0-00419643  +  0-00396676  =  0-00816218, 

while  the  first  three  terms  of  Delaunay's  series  are 

0-00419648  +  0-00294279  +  0-00099670  =  0-00813492. 

This  comparison  shows  that  two  terms  of  my  series  are  con- 
siderably more  accurate  than  three  terms  of  Delaunay^s. 

The  preceding  comparisons  are  sufficient  to  establish  two 
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pointd  in  regard  to  the  lanar  theory.  The  first  is,  that  the 
general  methods  of  compatation  are  undoubtedly  correct ;  and 
the  second  is,  that  one  or  more  of  the  methods  have  been 
incorrectly  applied  to  the  investigation  of  particular  inequali- 
ties. Now,  without  claiming  that  there  are  no  mistakes,  either 
systematic  or  accidental,  in  my  work  on  the  lunar  theory,  there 
are  some  reasons  for  believing  that  it  is  correct  in  the  cases  to 
which  I  have  called  attention.  One  of  these  reasons  is  the 
fact  that  all  the  inequalities  produced  by  perturbation  would 
disappear  from  the  formulas  by  simply  putting  the  disturbing 
function  equal  to  nothing;  whereas  there  are  a  number  of 
inequalities  which  do  not  disappear  from  the  formulas  of 
previous  investigators  by  means  of  the  same  conditions. 

It  mi^ht  seem,  however,  that  such  large  changes  in  the  val- 
ues of  the  coefficients  of  some  of  the  equations  of  the  moon's 
loneitude,  as  my  researches  seem  to  indicate,  would  have  a 
tendency  to  make  the  theory  less  accordant  with  observations 
than  it  is  at  present,  since  the  present  lunar  tables  represent  the 
moon's  place  within  tolerably  narrow  limits.  But  a  little  con- 
sideration will  show  that  such  a  conclusion  would  not  neces- 
sarily follow.  In  order  to  illustrate  this  point,  let  us  suppose 
that  we  have  a  perfect  system  of  elements  of  the  moon's  orbit 
together  with  a  perfect  theory  of  the  perturbations.  It  would 
necessarily  follow  that  the  moon's  place  could  be  perfectly  pre- 
dicted, and  there  would  be  no  discordances  between  theory  and 
observation.  Suppose,  now,  that  we  omit  a  number  of  small 
though  important  equations  from  the  computation  of  our  ephem- 
eris,  it  would  follow  that  there  would  oe  a  series  of  residu- 
als between  theory  and  observation.  It  is  evident  that  these 
residuals  would  be  perfectly  represented  by  the  omitted  equa- 
tions ;  but  if  the  equations  were  considered  as  wholly  lost,  the 
theory  would  be  in  the  same  condition  as  though  they  had 
never  been  found ;  and  we  might  seek  to  make  up  for  the  im- 
perfect theory  by  finding  certain  corrections  to  the  elements  by 
means  of  equations  of  condition  between  the  variations  of  the 
elements  and  the  observed  residuals.  In  this  way  we  might 
perhaps  obtain  a  very  good  agreement  between  theory  and  ob- 
servations which  extend  over  a  limited  interval  of  time, — the 
errors  of  the  theory  being  partially  compensated  by  the  errors 
of  the  elements.  But  this  close  agreement  between  theory  and 
observation  would  soon  cease  to  take  place,  since  the  correc- 
tions applied  to  the  elements  would  vitiate  the  remaining  part 
of  the  theory.  The  imperfect  ephemeris,  computed  by  means 
of  the  changed  elements  and  theory,  would  gradually  depart 
more  and  more  widely  from  the  observed  place  of  the  moon, 
but  the  residuals  would  furnish  no  information  in  regard  to  the 
nature  of  the  equations  to  be  applied  in  order  to.correct  them. 
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since  the  calculated  places  were  based  od  imperfect  elements 
and  an  imperfect  theory  of  the  perturbations. 

Now  it  seems  to  me  that  the  actual  history  of  the  lunar 
theory  indicates  a  passage  through  just  such  conditions  and 
changes.  It  is  true,  however,  that  it  has  never  possessed  the 
advantages  of  perfection  assumed  above;  but  through  the 
efforts  oT  astronomers  to  improve  the  accuracy  of  the  elements 
and  tables,  it  has  been  subjected  to  the  same  process  of  cor- 
rection. Berinning  with  ^ycho  Brahe,  in  moaern  times,  the 
elements  and  theory  of  the  moon's  motion  were  so  imperfect 
that  the  observed  discordances  forced  him  to  recognize  the 
existence  of  two  considerable  inequalities  which  were  at  the 
time  unknown  to  the  science  of  Europe.  The  discovery  of 
these  inequalities,  which  have  received  the  names  of  variation 
and  anmtal  equation^  was  the  last  great  step  towards  the  per- 
fection of  the  lunar  theory,  which  preceded  the  discovery  of 
the  physical  cause  of  the  inequalities.  Since  that  memorable 
epoch,  the  researches  of  mathematicians  have  instructed  ob- 
servers in  regard  to  the  magnitude  and  laws  of  numerous  ine- 
Qualities  which  must  necessarily  affect  the  moon's  motion. 
The  labors  of  Newton  and  Halley  reduced  the  errors  of  the 
theory  to  about  the  eighth  part  of  a  degree ;  while  Mayer,  by 
the  aid  of  theory  and  more  accui-ate  observations,  succeeded  in 
reducing  the  errors  to  less  than  the  thirtieVi  part  of  a  degree. 
Later  still,  the  researches  of  Mason  and  Burg,  according  to  the 
authority  of  LaPlace,  reduced  the  errors  of  the  theory  to  less 
than  one-quarter  of  a  minute  of  arc!  If  this  last  degree  of  pre- 
cision was  at  any  time  really  attained,  it  must  have  been  owing 
to  the  partial  compensation  of  errors  of  theory  by  the  errors  of 
the  elements ;  because  the  theory  very  soon  began  to  depart 
more  and  more  widely  from  the  observations;  and  astrono- 
mers have  been  obliged  to  suspect  that  the  moon's  motion  was 
aflPected  by  one  or  more  equations  of  very  long  period,  which 
theory  is  hopelessly  unable  to  point  out. 

About  the  middle  of  the  present  century,  new  tables  of  the 
moon's  motion  were  constructed  by  Hansen  ;  and,  considering 
the  broad  basis  of  observation  and  the  elaborately  developed 
theory  of  her  motion,  the  hope  was  justified  that  the  elements 
and  theory  were  so  perfectly  known,  that  they  would  perma- 
nently represent  the  observations.  But  this  hope  seems  to 
have  been  ill  founded.  In  a  very  few  years  the  observations 
unmistakably  indicated  a  growing  discordance,  which  has  con- 
tinued till  tne  present  time;  and  notwithstanding  the  labori- 
ous investigations  which  have  been  made  in  order  to  detect  the 
liCws  and  the  cause,  no  satisfactory  explanation  has  yet  been 
attained.  If  we  consider  the  nature  ana  magnitude  oJF  the  dis- 
cordances which  now  pertain  to  the  best  taoles  of  the  moon's 
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motion,  we  can  hardly  avoid  the  conclusion  that  they  are  not 
due  to  the  terms  of  a  higher  order  of  magoitude  which  have 
been  neglected  in  the  development  of  the  theory.  They  must 
therefore  result  from  some  systematic  error  among  terms  of 
more  importance  in  the  lunar  theory. 

In  bringing  to  a  close  this  account  of  my  researches,  I  would 
repeat  that  my  only  object  has  been  to  discover  if  possible,  by 
means  of  a  new  method  of  investigation,  any  false  steps  which 
may  have  been  committed  by  previous  investigators  in  the 
mathematical  development  of  the  lunar  theory.  The  history 
of  philosophy  affords  numerous  examples  of  the  advantages  of 
iudependent  methods  of  investigation  over  independent  calcu- 
lations by  the  same  method.  It  often  happens  that  for  particu- 
lar values  of  the  known  quantities  of  a  problem  some  terms  of 
the  solution  become  infinite  or  indeterminate,  when  certain 
general  methods  of  investigation  are  employed ;  whereas 
other  methods  would  not  be  subject  to  complications  from 
sach  a  cause.  It  is  therefore  evident  that  the  comparison  of 
the  results  of  different  methods  would  serve  to  call  attention 
to  the  particular  terms  affected  by  any  such  critical  conditions, 
ind  by  thus  narrowing  the  field  of  investigation,  enable  astron- 
omers to  concentrate  their  efforts  on  those  particular  terms 
where  further  research  would  seem  to  be  necessary  or  desira- 
ble ;  and  it  is  believed  that  the  terms  to  which  I  have  called 
attention  afford  the  means  of  a  much  needed  improvement  in 
the  lunar  theory. 

dereland,  Maj  26,  1880. 


Art.  XTIL — Aqueotis  Vapor  in  Relation  to  Perpetual  Snow;  by 

James  Croll,  LL.D.,  F.R.S.* 

Some  twelve  years  ago  I  gave  (Phil.  Mag.,  March,  1867, 
Climate  and  Time,  p.  548)  what  appears  to  be  the  true  explana- 
tion of  thai  apparently  paradoxical  fact  observed  by  Mr. 
Glaisher  that  the  difference  of  reading,  between  a  thermometer 
exposed  to  direct  sunshine  and  one  shaded,  diminishes  instead 
of  increases,  as  we  ascend  in  the  atmosphere.  This  led  me  to 
an  important  conclusion  in  regard  to  the  influence  of  aqueous 
vapor  on  the  melting  of  snow,  but  recent  objections  to  some  of 
my  views  convince  me  that  I  have  not  given  to  that  conclusion 
the  prominence  it  deserves.  I  shall  now  state  in  a  few  words 
the  conclusion  to  which  I  refer. 

The  reason  why  snow  at  great  elevations  does  not  melt  but 
remains  permanent,  is  owing  to  the  fact  that  the  heat  received 
from  the  sun  is  thrown  off  into  stellar  space  so  rapidly  by  radi- 

*  Communicated  to  this  Journal  bj  the  author. 
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ation  and  reflection  that  the  sun  fails  to  raise  the  temperature 
of  the  snow  to  the  melting  point ;  the  snow  evaporates  but  it 
does  not  melt.  The  summits  of  the  Himalayas,  for  example, 
must  receive  more  than  ten  times  the  amount  of  heat  necessary 
to  melt  all  the  snow  that  falls  on  them,  notwithstanding  whico 
the  snow  is  not  melted.  And  in  spite  of  the  strength  of  the 
sun  and  the  dryness  of  the  air  at  these  altitudes,  evaporation  is 
insufficient  to  remove  the  snow.  At  low  elevations,  where  the 
snow-fall  is  probably  greater,  and  the  amount  of  heat  received 
even  less  than  at  the  summits  the  snow  melts  and  disappears. 
This,  I  believe,  we  must  attribute  to  the  influence  of  aqueous 
vapor.  At  high  elevations  the  air  is  dry  and  allows  the  heat 
raaiated  from  the  snow  to  pass  into  space,  but  at  low  elevations 
a  very  considerable  amount  of  the  heat  radiated  from  the  snow 
is  absorbed  by  the  aqueous  vapor  which  it  encounters  in  pass- 
ing through  the  atmosphere.  A  considerable  portion  of  the 
heat  thus  absorbed  by  tne  vapor  is  radiated  back  on  the  snow, 
but  the  heat  thus  radiated  being  of  the  same  quality  as  that 
which  the  snow  itself  radiates,  is  on  this  account  absorbed  by 
the  snow.  Little  or  none  of  it  is  reflected  like  that  received 
from  the  sun.  The  consequence  is  that  the  heat  thus  absorbed 
accumulates  in  the  snow  till  melting  takes  place.  Were  the  amount 
of  aqueous  vapor  possessed  by  the  atmosphere  sufficiently 
diminished,  perpetual  snow  would  cover  our  globe  down  to  the 
sea-shore,  it  is  true  that  the  air  is  warmer  at  the  lower  level 
than  at  the  higher  level  and  by  contact  with  the  suow  must 
tend  to  melt  it  more  at  the  former  than  at  the  latter  positioa 
But  we  must  remember  that  the  air  is  warmer  mainly  in  conse- 
quence of  the  influence  of  aqueous  vapor,  and  that  were  the 
quantity  of  vapor  reduced  to  the  amount  in  question,  the  dif- 
ference of  temperature  at  the  two  positions  would  not  be  great 
But  it  may  be  urged  as  a  further  objection  to  the  foregoing 
conclusion,  that  as  a  matter  of  fact  on  great  mountain-chains, 
the  snow-line  reaches  to  a  lower  level  on  the  side  where  the  air 
is  moist  than  on  the  opposite  side  where  it  is  dry  and  arid.  As, 
for  example,  on  the  southern  side  of  the  Himalayas  and  on  the 
eastern  side  of  the  Andes  where  the  snow-line  descends  some 
2,000  or  3,000  feet  below  that  of  the  opposite,  or  dry  sida  But 
this  is  owing  to  the  fact  that  it  is  on  the  moist  side  that  by  far 
the  greatest  amount  of  snow  is  precipitated.  The  moist  winds 
of  the  S.  W.  monsoon  deposit  their  snow  almost  wholly  on 
the  southern  side  of  the  Himalayas,  and  the  S.  E.  trades, 
the  snow  on  the  east  side  of  the  Andes.  Were  the  conditions 
in  every  respect  the  same  on  both  sides  of  the  mountain  ranges 
with  the  exception  only  that  the  air  on  one  side  was  perfectly 
dry,  allowing  radiation  from  the  suow  to  pass  without  interrup- 
tion into  stellar  space,  while  on  the  other  side  the  air  was  moist 
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and  full  of  aqueous  vapor,  absorbing  the  heat  radiated  from  the 
8QOW,  the  snow-line  would,  in  this  case,  undoubtedly  descend 
to  a  lower  level  on  the  dry  than  on  the  moist  sida  No  doubt 
more  snow  would  be  evaporated  off  the  dry  than  off  the 
moist  side,  but  melting  would  certainly  take  place  at  a  greater 
elevation  on  the  moist  than  on  the  dry  side,  and  this  is  what 
would  mainly  determine  the  position  of  the  snow  line. 

In  like  manner  the  dryness  of  the  air  will,  in  a  great  meas- 
ure, account  for  the  present  accumulation  of  snow  and  ice  on 
Ghreenland  and  on  the  Antarctic  continent  I  have  shown  on 
{mrmer  occasions  that  those  regions  are  completely  covered 
with  perpetual  snow  and  ice,  not  because  the  quantity  of  snow 
&Uing  on  them  is  great,  but  because  the  quantity  melted  is 
smalL  And  the  reason  why  the  snow  does  not  melt  is  not 
because  the  amount  of  heat  received  during  the  year  is  not 
eauivalent  to  the  work  of  melting  the  ice,  but  mainly  because 
of  the  dryness  of  the  air,  the  snow  is  prevented  from  rising  to 
the  melting  point. 

There  is  little  doubt  but  that  the  cold  of  the  glacial  epoch 
would  produce  an  analogous  effect  on  temperate  regions  to  that 
experienced  at  present  on  Arctic  and  Antarctic  regiona  The 
oold,  although  it  might,  to  some  extent,  diminish  the  snow  fall, 
would  dry  the  air  and  prevent  the  temperature  of  the  snow  ris- 
ing to  the  melting  point.  It  would  not  prevent  evaporation 
tiding  place  over  the  ocean  by  the  sun^s  heat,  but  the  reverse, 
but  it  would  prevent  the  melting  of  the  snow  on  the  land  dur- 
ing the  greater  part  of  the  year. 

In  places  like  Fuego  and  South  Georgia,  where  the  snow 
fall  is  considerable,  perennial  snow  and  ice  are  produced  by 
diametrically  opposite  means,  as  I  have  elsewhere  shown,  viz : 
by  the  sun's  heat  being  cut  off  by  clouds  and  dense  fogs.  In 
the  first  place  the  upper  surfaces  of  the  clouds  act  as  rejectors, 
throwing  back  the  sun's  rays  into  stellar  space,  and  in  the  second 
place,  oi  the  heat  which  the  clouds  and  fogs  absorb,  more  than 
one-half  is  not  radiated  downward  on  the  snow,  but  upward 
into  space.  And  the  comparatively  small  portion  of  heat 
which  manages  to  reach  the  ground  and  be  available  in  melting 
the  snow  is  insufficient  to  clear  off  the  winter's  accumulation. 


Art.  XIV. — Perihelion  and  Eccentricity  ;  by  R  W.  McFar- 
land.    With  Plate  HI. 

The  following  table  gives  the  longitude  of  the  perihelion  and 
the  eccentricity  of  the  earth's  orbit  for  a  period  of  4,520,000 
years,  of  which  3,260,000  are  before  1850,  and  1,260,000  after 
1860.    It  is  computed  by  the  formulae  of  LeVerrier,  as  quoted 


106        R  W.  McFarland — Perihelion  and  Eccentridiy. 

in  Mr.  Oroirs  "  Climate  and  Time,"  and  also  by  those  given  in 
Mr.  StockwelPs  pamphlet  on  the  "  Secular  Equations  of  the 
Moon's  Mean  Motion."  The  constants  of  the  latter  formulae 
differ  slightly  from  those  found  for  the  sun's  increased  parallax 
in  the  xviiith  vol.  of  the  Smithsonian  Contributions. 

An  inspection  of  the  table  shows  that  the  motion  of  the  peri- 
helion is  exceedingly  irregular,  and  occasionally  retrograde. 

The  intervals  between  the  maximum  and  minimuna  points 
in  the  curve  of  eccentricity  also  vary  greatly,  as  a  glance  at  the 
chart  will  show.  The  initial  periods,  1800  and  1850,  for  the 
two  sets  of  formulae,  differ  so  little  from  each  other  that  the 
ordinates  to  the  curves  practically  coincide. 

One  object  of  the  table  is  a  comparison  of  the  results  reached 
by  these  two  sets  of  formulae.  It  is  obvious  that  great  changes 
in  the  eccentricity  will  occur,  unless  the  elements  of  disturb- 
ance reduce  more  nearly  to  zero  than  is  probable,  or  perhaps 
possible. 

The  chart  also  shows  that  the  time^  rather  than  the  value  of 
the  maximum  eccentricity  varies ;  but  even  this  variation  of 
the  time,  as  shown  by  the  two  series  of  values,  is  not  great 
when  long  periods  are  considered. 

Mr.  Stockweirs  formulae  are  deemed  the  more  accurate,  yet 
the  two  curves  exhibit  a  general  conformity  throughout  their 
whole  extent.  Whether  a  period  of  high  eccentricity  occurred 
about  300,000  years  ago,  or  700,000,  is  a  small  matter : — the 
chief  point  of  interest  is,  that  such  a  period  has  actually  been 
found  in' the  past.  For  about  70,000  years,  partly  on  each 
side  of  1850,  the  curves  differ  but  slightly. 

It  is  regretted  that  it  has  been  necessary  to  draw  the 
curves  on  so  small  a  scale.  When  drawn  large  they  move  on 
with  a  generous  sweep,  so  to  speak,  and  make  no  sharp  turns. 

The  computations  having  been  made  in  the  small  intervals  of 
leisure*amid  the  press  of  onerous  duties,  errors  may  have  been 
made  and  remained  undetected  ;  but  it  is  thought  that  there 
are  none  of  sufficient  magnitude  to  vary  the  general  results  to 
any  considerable  amount 

The  computations  were  originally  begun  at  the  instance  of 
President  Orton,  of  the  Ohio  State  University,  and  were  con- 
tinued, I  may  be  permitted  to  say,  on  the  suggestion  of  Mr. 
James  Croll,  of  the  Geological  Survey  of  Scotland. 

It  is  scarcely  necessary  to  add  that  if  any  one  wishes  to 
determine  the  diflFerence  between  the  greatest  and  least  dis- 
tance of  the  sun,  it  is  only  necessary  to  multiply  the  sun's 
mean  distance  by  twice  the  eccentricity. 

Ohio  State  Uniyersitj,  June  3,  1880. 


I. 


R  W.  MeFarland—Peri/ulion  and  EccmtricOy.        107 

LB  thoKing  the  Longitude  of  the  Perihelitin  and  the  Hccen- 
ricity  of  the  Earth's  Orbit  for  4,520,000  yeara,  aceorditig  to 
he  Formulas  of  jSto:-/cwdl  and  of  Le  Verrinr. 
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0-0080 
0*0068 
00076 


Tear. 


After  18B0. 


,120,000 
,130,000 
,140,000 
,160,000 
,160,000 
,170,000 
,180,000 
,190,000 
,195,000 
,196,600 
,197,600 
,200,000 
,210,000 
,215,000 
,220,000 
,230,000 
,240,000 
,260,000 
,260,000 


StockweU. 


Long.   Bcc 


322  21 

6  46 

46  32 

83  26 

118  47 

162  38 

185  3 

213  22 

210  32 

160  32 

104  16 

86  7 

107  36 

138"6 
166  56 
196  24 
225  21 
263  36 


00355 
00429 
00484 
00502 
00472 
00392 
00269 
00113 
0*0032 
00014 
00021 
0-0060 
0  0229 

0-0374 
0-0500 
00676 
0-0604 
0*0583 


LeVerrler. 


Long.   Ecc 


337 

19 

55 

90 

124 

157 

191 

-224 


1 
11 
44 


00201 
00342 
0  0462 


29  00543 


24 
52 
13 
49 


269 
301 
8 
85 
157 
193 
221 
260 


61 
7 
19 
16 
62 
14 
49 
54 


0*0576 
00654 
0*0484 
00373 


0*0236 
00100 
00034 
00061 
0-0184 
0-0274 
00368 
0-0367 


BT.  XV.  —  On  Orystallized  Danburite  from  Rxissell^  Si.  Law- 
rence County^  New  York ;  by  Geo.  J.  Brush  and  Edward 
S.  Dana. 

Historical  Note, — In  December  last  (1879)  we  received  a  box 
minerals  from  Mr.  C.  D.  Nims,  the  well-known  mineral  col- 
lor  of  Northern  New  York,  containing  several  specimens 
elled  **  unknown."  Among  these  were  a  few  prismatic 
ite  weathered  crystals  that  had  been  considered  to  be  feld- 
r,  to  which  our  attention  was  specially  called  by  Mr.  Nims. 
a  pyrognostic  examination  this  substance  proved  to  be  an 
lydrous  boro-silicate,  corresponding  in  physical  characters 
h  the  rare  species  danburite.  Mr.  Nims  at  that  time  gener- 
;ly  placed  at  our  disposal  all  of  the  small  amount  of  this 
terial  he  had  in  his  possession,  for  scientific  examination, 
ese  specimens  we  investigated  as  thoroughly  as  they  allowed 
rh  chemically  and  crystallographically,  and  the  conclusions 
ched  were  identical  with  those  described  in  this  paper. 
K>n  learning  further  from  Mr.  Nims  that  there  was  a  proba- 
ity  of  his  being  able  to  obtain,  in  the  following  spring,  more 
andant  material  and  of  better  quality,  we  deferred  publica- 
n.  Our  expectations  and  those  of  Mr.  Nims  have  been  fully 
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realized,  and  the  material  which  he  has  forwarded  to  us,  as 
result  of  his  recent  active  explorations,  is  all  that  could  be 
sired  both  as  to  quantity  and  quality.  We  take  pleasur 
acknowledging  here  our  indebtedness  to  him  for  his  proi 
ness  and  liberality. 

Method  of  occurrence, — The  mineral  occurs  both  crysiall 
and  massive,  imbedded  in  what  Mr.  Nims  calls  a  granitic  re 
the  points  at  which  it  is  found  extend  along  the  brow  of  a 
for  a  considerable  distance,  say  half  a  mila  The  crystals 
cavities  or  seams,  sometimes  of  very  considerable  size,  in 
massive  mineral  or  the  enclosing  rock.  The  associated  mi 
als  are  a  pale  green  pyroxene,  a  dark  brown  tourmaline, 
also  some  mica,  quartz  and  pyrite.  Of  these  species,  the  < 
burite  often  encloses  the  crystals  of  pyroxene  and  tourma 
and  is  itaelf  imbedded  in  the  quartz,  which  is  a  point  of  ii 
est  in  connection  with  its  time  of  formation.  These  cav 
were  doubtless  all  filled  originally  with  calcite,  as  the  facts 
served  conclusively  prova  A  few  perfectly  fresh  specin 
were  found  with  the  crystals  imbeddea  in  pink  calcite  and 
Nims  believes  that  when  the  explorations  are  carried  de< 
that  larger  quantities  may  be  obtained.  This  is  much  to 
desired,  for  the  perfectly  clear  and  transparent  crystals  foi 
in  the  calcite  are  of  rare  beauty.  The  specimens  here  spo 
of  were  actually  obtained  from  some  loose  bowlders  found 
the  surface. 

The  most  of  the  specimens  are  now  nearly  or  quite  free  fi 
calcite,  that  mineral  evidently  having  been  removed  by  s 
solution.  The  crystals  are  thus  left  in  their  original  posit 
projecting  into  the  cavities.  This  natural  removal  of  the  • 
cite  is  in  some  aspects  of  the  case  an  advantage,  and  in  btl 
quite  the  reverse.  In  no  other  way  could  tne  crystals  h 
been  freed  from  the  calcite  so  perfectly  and  with  so  little  inji 
to  themselves ;  for  the  mechanical  removal  is  out  of  the  qi 
tion  owing  to  the  brittleness  of  the  mineral,  and  the  remo 
by  chemical  means  in  the  laboratory  would  not  leave  the  ci 
taJs  so  nearly  in  their  original  condition.  On  the  other  ha 
the  specimens  as  found  are  somewhat  destitute  of  freshness 
aspect,  the  crystals  being  much  rified  internally  and  more 
less  covered  with  oxide  of  iron  which  cannot  be  entirely 
moved.  It  is  to  be  stated,  however,  that,  while  the  mineral 
thus  lost  something  of  its  original  beauty,  it  is,  in  most  cai 
very  little  if  at  all  altered  chemically,  even  the  luster  of 
crystalline  faces  having  suffered  but  little:  On  some  few 
the  specimens,  on  the  other  hand,  the  crystals  are  quite  opa< 
and  have  little  luster. 

Otneral  crysiattoaraphie  and  physical  characiers. — The    d 
burite  from  Kusseli,  as  has  been  stated,  is  in  part  crystalli 
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n  part  massive.  The  crystals  vary  from  those  which  are 
minute  to  others  which  are  of  considerable  size.  The  largest 
yod  crystal  has  a  length  of  4  aad  a  width  (macrodiagonal)  of 
ches ;  some  of  the  groups  are  really  grand  in  their  propor- 
The  massive  mmeral  can  be  obtained  in  large  blocks ; 
>ws  brilliant  luster,  is  quite  unaltered,  and  almost  entirely 
rom  admixed  si)ecies.  The  most  striking  point  in  r^ara 
8  crystals  is  their  similarity  to  crystals  oi  topaz ;  so  close 
is  resemblance  that  the  specimens,  if  not  examined  too 
ally,  might  be  handled  many  times  without  a  suspicion 
they  dia  not  belong  to  that  species.  It  will  be  shown 
T  that  this  resemblance  extends  beyond  the  mere  external 
,  involving  a  true  homoeomorphic  relation.  The  cleavage 
sal,  as  in  topaz,  but  not  very  distinct 
e  hardness  of  the  danburite  is  7  to  7'25,  and  the  specific 
ty  2-986  to  8*021.  The  luster  on  the  polished  crystalline 
ces  is  very  brilliant ;  on  the  fracture  and  in  the  massive 
ral  it  is  vitreous  to  greasy  ;  in  this  form  it  has  much  the 
i  of  common  varieties  of  quartz.  The  color  in  the  freshest 
als  imbedded  in  calcite  is  pale  wine-yellow,  and  in  others 

yellowish-white  to  honey  yellow,  dfark  wine-yellow,  and 
wish-brown.  The  streak  is  white.  The  freshest  crystals 
erfectly  transparent,  the  massive  mineral  translucent  The 
ire  is  uneven  to  sub-conchoidal. 

scription  of  crystalline  form. — The  crystals  are  uniformly 
latic  in  habit  They  are  commonly  attached  by  one  ex- 
ity  of  the  prism  so  that  only  the  other  end  is  terminated ; 
lional  crystals,  however,  have  been  observed  with  termina- 

alike  at  both  extremities,  and  hence  it  is  not  hemimorphic. 
general  range  of  form  in  the  crystals  will  be  gathered 

the  accompanying  figures;  figures  1,  2,  3  and  4  show 
;  of  the  more  common  and  simple  forms,  and  figures  5,  6 
7  are  others  more  highly  modified.  It  will  be  noticed  that 
brms  shown  in  figures  4  and  5  have  the  appearance  of  a 
re  prism  (iy\?=94''  52').  The  variety  in  habit  is,  as  will 
ien,  very  considerable,  though  the  most  constantly  recur- 
form  is  that  where  the  fundamental  prism  /  predominates 
1) ;  the  form  represented  in  figure  7  is  rather  rara 
le  crystals  belong  to  the  Orthorhombic  System  ;  this  is 
ed  by  the  optical  examination,  since  the  three  axes  of  elas- 
j  correspona  in  position  to  the  three  crystallographic  axes. 

measured  angles  and  the  general  symmetry  of  the  form 
correspond  to  this  system. 

Dtwithstanding  the  number  of  the  occurring  planes  the 
;als  are  not  often  favorable  for  exact  measurement.  The 
es  forming  the  extremities  of  the  crystals,  even  of  those 
n  directly  from  the  surrounding  calcite,  are,  with  the  oc- 

JOITB.  SCI.— ThIBD  8BRIB8,  VoL.  XX,  No.  116. —Auo.,  1880. 
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casional  exception  of  the  domes  d  and  w,  UQiformlj  unpo 
and  often  much  rounded.  They  show,  moreover,  man 
tiallj  developed  planes  which  do  not  admit  of  detemin 


Id  these  latter  respects  thej  resemble  crystals  of  other  s 
found  in  a  similar  sitnation  (e.  g.  pyroxene  in  calcite). 
determination  of  the  symbols  of  the  various  planes  was  a 
plished  without  difficult  with  the  aid  of  the  zonal  rel 


and  with  approximate  angles,  but  only  very  few  exact  mei 
ments  were  possible.  The  prismatic  planes  /  and  I,  are, 
ever,  quite  commonly  smooth  and  highly  polished.  As 
amental  angles*  the  following,  as  the  mean  of  many  t 
measorements,  were  accepted : 

/./■  110.  HO     =     61*    Vh*' 

tf-rf"  101  .,101     =     8J*63'  18' 

From  these  the  following  axial  ratio  is  obtained : — 


The  observed  planes  are,  as  follows  :- 


4 

/ 


'TbsaoflaajpTfnMe  all  tbs  nqiiinMaA  •ntfes. 
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s     H     103         A     2-4      U2 

d  M     101         J     4-4      141 

X  3-f     301 

<  2'i  021 

t(7  4-1  041 

p  8-1  081 

9  16-1  0  16  1 

The  following  is  a  list  of  the  most  important  angles  for  these 
planes,  calculated  from  the  axial  ratio  given  above : — 

one  (001)      on  a  (100)      on  5  (010) 

k  320  90"  0'  19*' 57'  70**  3' 

/  110           "  28°  34'  61°  26' 

m  230           "  39°  14'  60°  46' 

/  120           "  47"  26'  42°  34' 

n  140           "  65°  20'  24°  40' 

s     103         16°  24'         73°  36'         90°  O' 
d  101         41°  27'         48°  33'  " 

X  301         69°  19'         20°  41'  " 

t  021  43°  52'  90°  0'         46°  8' 

w  041  62°  31'  ••  27°  29' 

p*  081  76°  25'  "  14°  36' 

q  0161  82°  36'  "  7°  24' 

8  321  70° 28'  27° 38'  71° 15' 

0  111  45°  9'  61°  29'  70°  11' 

e  .   221  63°  33'  38°  9'  64°  39' 

«  124  18°  4'  77°  54'  76°  48' 

V  122  33°  8'  68°  18'  66°  16' 

r  121  62°  33'  57°  31'  64°  13' 

A  •   142  46°  37'  72°  21'  48°  40' 

6  141  64°  42'  67°  50'  34°  46' 

The  angle  of  the  fundamental  prism  {I^T)  as  measured  on 
several  crystals  was  57°  7,  57°  7',  57°  7,  57°  8,  57°  12' ;  also 
k  Ur  94°  53,  94°  52',  94°  55,  94°  56'  (required  94°  52').  The 
measured  angle  c^w  (001a041)  =  62°  88'  (required  62°  31'). 
The  measured  angle  7/sc?  =  54°  22'  (required  54°  27'). 

The  similarity  in  general  habit  between  the  crystals  of  dan- 
burite and  those  of  topaz  has  already  been  remarked.  In  fact 
the  commonly  occurring  planes  of  the  danburite  crystals  are 
all  common  planes  on  crystals  of  topaz,  and  of  the  few  planes 
in  the  above  list  which  do  not  belong  to  topaz  all  are  rare  in 
danburite,  A  comparison  of  the  angles  of  the  two  species  shows 
that  the  relation  in  form  is  really  a  close  one.  This  will  be 
seen  from  the  following  angles  in  the  chief  zones. 


Danburite. 

Topaz. 

i^r 

110 /.no 

=     67*^    8' 

56°  43' 

ur 

021  .V  021 

=     9r  62' 

93; 11' 

d^d'  101.^101  =     82"  63'  83"  54' 

w^u/  041  A  041  =  126**    2'  124**  40' 

c^o  001 A  111  =     46"    9'  46"  36' 

Ca«  001^221  =     63-33'  63"  64' 
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The  axial  ratios  for  the  two  species  are : — 


c  (vert.) 

b 

a 

Danburite 

0-8830 

1-8367 

1-0000 

Topaz 

0-9024 

1-8920 

1-0000 

The  above  values  show  that  the  two  species  are  closely  homoeo 
morphous. 

Uptical  properties, — The  transparent  crystals  of  danburit 
offered  very  good  material  for  the  determination  of  the  optica 
properties  of  the  species,  and  they  prove  to  be  of  rather  unu 
sual  interest  The  first  point  established  was  the  position  c 
the  axes  of  elasticity,  which  were  found  to  coincide,  as  state 
above,  with  the  crystallographic  axes.  The  optic  axes  lie  ii 
the  basal  plane,  and  the  axial  angles  are  so  large  that  it  wa 
necessary  to  measure  both  of  them  in  oil.  By  this  measure 
ment  the  interesting  result  was  reached  that  the  acute  bisectri: 
for  the  lower  end  of  the  spectrum  (red  and  yellow  rays)  i 
normal  to  the  brachypinacoid,  and  for  the  upper  end  of  th 
spectrum  (blue  rays)  normal  to  the  macropinacoid. 

From  a  section  cut  parallel  to  the  bi'achypinacoid  the  follow 
ing  angles  were  obtained,  each  being  the  mean  of  a  large  num 
ber  of  measurements : 

Bed  (LithU  flame).  Yellow  (Bodiom  flame).         Blae  (CaS04  sohitloii). 

100**  33'  lOr  30'  104*  36' 

From  a  section  parallel  to  the  macropinacoid  the  angles  ob 
tained  in  the  same  manner  were : 

Red  (Li).  Yellow  (Na).  Blae(Cii804). 

106°  36'  108"  36'  102**  13' 

From  these  angles  the  true  internal  axial  angle  was  calcula 
ted  by  the  usual  method ;  the  results  are : 

Bisectrix  normal  to  b  (010).  Bisectrix  norma)  to  a  (lOO). 
Red  (Li)                             87**  3t'  92**  23' 

Yellow  (Na)  88"  23'  91  **  37' 

Blue  (CUSO4)  90**  66'  89"    4' 

The  bisectrix  normal  to  the  brachypinacoid  is  negative,  and 
that  normal  to  the  macropinacoid  is  positive. 

The  index  of  refraction  of  the  oil  employed  was  found  to  be 
for 

Red  (Li)  =  1*4706;   Yellow  (Na)  =  1-4736;   Blue  (CuS04)=  1*483 

For  obvious  reasons  the  last  value  is  less  accurate  than  the 
other  two.  Making  use  of  these  values  in  the  usual  formulas, 
the  mean  index  of  refraction  {p)  for  danburite  is  obtained,  viz: 

P  =r  1-634,      Red  (Li) 
=  1-637,      Yellow  (Na) 
=  1-646,      Blue  (CuSOj 

It  is  obvious  from  the  values  of  the  axial  angles  for  the  differ 
ent  colors  given  above,  that  for  certain  rays,  those  falling  ii 
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the  lower  end  of  the  blue,  the  axial  angle  must  be  for  the  ordi- 
nary temperature  exactly  90®.  It  would  be  easy  to  calculate 
the  wave-length  of  the  rays  answering  this  condition,  but  since 
the  sections  emoloyed  were  not  faultless  the  angles  are  not 
very  accurate  ana  hence  the  calculation  would  have  but  little 
value. 

Optically  danburite  does  not  agree  very  closely  with  topaz, 
for  with  the  latter  species  the  axes  lie  in  the  brachydiagonal, 
the  vertical  axis  coinciding  with  the  acute  bisectrix ;  the  axial 
angle  is  also  quite  different  It  is  interesting  to  note,  however, 
that  the  mean  indices  of  refraction  are  not  far  apart ;  thus  for 
the  D  line  in  the  spectrum,  we  have 

ft  Danburite  =  1-637 

Topaz         =  1-6138  • 

Chemical  composition. — The  quantitative  chemical  examina- 
tion of  the  mineral  was  made  by  Mr.  W.  J.  Comstock,  of  the 
Sheffield  Laboratory,  to  whom  we  wish  here  to  express  our 
grateful  acknowledgments  for  the  following  analyses : 

I.  n.  III.  IV.  Mean. 

Silica                       4816  48-30              48*23 

Boron  trioxide         2667  27-18  26-93 

Lime                        2326  2322             . 23*24 

Alumina*                  0*48  0*46              47 

Ignition                     0*64  0*63              63 


*  With  trace  FeaC  99-60 

The  mineral  was  decomposed  by  fusion  with  sodium  carbon- 
ate for  the  silica  and  bases  in  Nos.  I  and  II,  and  the  boric  acid 
in  Nos.  Ill  and  IV  was  obtained  by  Stromeyer*s  method  as 
potassium  boro-fluoride.  A  further  decomposition  was  effec- 
ted with  fluohydric  acid  to  make  special  examination  for 
alkalies,  which  gave  a  negative  result 

In  view  of  the  close  homoeomorphism  of  our  mineral  with 
topaz,  we  re(juested  Mr.  Comstock  to  make  special  examina- 
tion for  fluorine,  but  the  result  proved  the  absence  of  this  and 
allied  elements. 

Mr.  Comstock*s  analyses  offer  a  remarkable  confirmation 
of  the  analyses  of  Smith  and  Brush*  of  the  Danbury  mineral, 
the  mean  of  which  gave 

SiO,  B,0,     A1,0»,  FeaC     MnaO,         CaO  MgO  ign. 

48-15         27-15  0-30  056  22*37  040  0*60  =  9943 

The  quantivalents  ratio  from  the  mean  of  Corns tock*s  analy- 
ses gives  for  SiO, :  B,0, :  CaO  =  8'04 : :  3-88  : :  4-14  and  that 
from  tbe  analyses  of  Smith  and  Brush  is  8'02 : :  3*89  : :  440. 
There  can  be  no  question  that  the  true  theoretical  ratio  is 
2:1:1.     This  leads  to  the  formula  previously  accepted,  that 

*  Thia  Jpumal,  II,  xvi,  365,  1853, 
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is,  CaBjSijOg,  or  Ca,SiO^+B^Si,Oiy  The  formula  requires: 
Silica,  48-78,  boron  trioxide,  2846,  lime,  22-76=100.  These 
results  set  at  rest  any  further  question  as  to  the  chemical  com- 
position of  danburite.  It  does  not  appear,  however,  that  there 
IS  any  immediate  relation  between  danburite  and  topaz  in  chem- 
ical composition,  which,  considering  the  similarity  in  crystal- 
line form,  is  rather  remarkable. 

Pyrognostic  characters, — The  pyrognostic  characters  of  this 
species  are  sufficiently  important  to  be  here  repeated.  B.  B. 
the  mineral  glows,  fuses  gently  at  3*5  to  a  colorless  glass,  im- 
parting to  the  flame  the  characteristic  green  color  due  to  boron. 
On  cooling,  the  assay  loses  its  transparency  and  becomes  milk- 
white.  In  the  closed  tube  it  phosphoresces  brilliantly  with  a 
reddish  yellow  light.  The  mineral  is  slightly  acted  upon  bj 
hydrochloric  acid,  sufficiently  so  to  give  the  reaction  for  bone 
acid  with  turmeric  paper.  When  previously  ignited  to  the 
point  of  fusion  the  mineral  gelatinizes  with  acid. 

Comparison  with  the  original  danburite, — A  comparison  be- 
tween the  characters  of  the  danburite  from  Russell,  N.  Y., 
and  those  of   the  same   species   from    the    original    locality 
at  Danbury,   Conn.,   shows  a   very   close   agreement   in  ail 
essential  respects,  which  removes  all  doubt  as  to  the  real  iden- 
tity of  the  mineral  now  described.     In  crystalline  form  alone 
is  there  apparent  divergence.     In  regard  to  this  there  is  only  to 
be  said  that  the  earlier  determinations  upon  the  Danbury  mineral 
were  made  on  imbedded  fragments  in  feldspar  where  apparent 
planes,  at  best  of  a  problematical  nature,  certainly  did  not  rep- 
resent the  true  crystalline  form  of  the  species. 


Art.  XVL —  On  a  Photograph  of  Jupiter^ s  Spectrum^  showing 
Evidence  of  Intrinsic  Light  from  that  Planet;  by  Professor 
Henry  Draper,  M.D. 

[Read  before  the  Royal  Astronomical  Society,  May  14thf  1 880,  and  extracted  from 

the  Monthly  Notices.] 

/  There  has  been  for  some  vears  a  discussion  as  to  whether 
the  planet  Jupiter  shone  to  any  perceptible  extent  by  his  own 
intrinsic  light,  or  whether  the  illumination  was  altogether 
derived  from  the  sun.  Some  facts  seem  tp  point  to  the  con- 
clusion that  it  is  not  improbable  that  Jupiter  is  still  hot 
enough  to  give  out  light,  though  perhaps  only  in  a  periodic  ot 
eruptive  manner. 

Jt  is  obvious  that  spectroscopic  investigation  may  be  usefully 
employed  in  the  examination  of  this  question  and  I  have  inci- 
dentally, in  the  progress  of  an  allied  inquiry,*  made  a  photo- 

*  See  paper  "  On  Photograpliing  Uie  Spectra  of  the  Stars  and  Planetcs"  read 
before  tlie  National  Academy  of  Sciences,  Oct  28,  1879,  and  published  jp.  thii 
Journal,  Dca,  1879,  and  in  Nature,  Nov.  27,  1879.  ■ 
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^ph  which  has  sufficient  interest  to  be  submitted  to  the 
inspection  of  the  Astronomical  Society. 

If  the  light  of  Jupiter  be  in  large  part  the  result  of  his  own 
incandescence,  it  is  certain  that  the  spectrum  must  differ  from 
that  of  the  sun,  unless  the  improbable  hypothesis  be  advanced 
that  the  same  elements,  in  the  same  proportions  and  under  the 
same  physical  conditions,  are  present  in  both  bodies.  Most  of 
the  pnoto^phs  I  have  made  of  the  ^ectrum  of  Jupiter, 
answer  this  question  decidedly,  and  from  their  close  resem- 
blance to  the  spectrum  of  the  sun  indicate  that,  under  the 
average  circumstances  of  observation,  almost  all  the  light  com- 
ing to  the  earth  from  Jupiter  must  be  merely  reflected  light 
originating  in  the  sun.  For  this  reason  I  have  used  the  spec- 
tram  of  Jupiter  as  a  reference  spectrum  on  many  of  my  stellar 
spectrum  photographs. 

But  on  one  occasion,  viz :  on  September  27, 1879,  a  spectrum 
of  Jupiter  with  a  companson  spectrum  of  the  moon  was 
obtained  which  shows  a  different  state  of  things.  Fortunately, 
owin^  to  the  assiduous  assistance  of  my  wife,  I  have  a  good 
lecom  of  the  circumstances  under  which  this  photograph  was 
taken,  and  this  will  make  it  possible  to  connect  the  aspect  of 
Jupiter  at  the  time,  with  the  spectrum  photograph,  though  I 
diet  not  examine  Jupiter  with  any  care  through  the  telescope 
that  night,  and  indeed  did  not  have  my  attention  attracted  to 
this  photograph  till  some  time  a^fterwards. 

I  send  herewith  to  the  Astronomical  Society  for  examination, 
the  ori^nal  n^ative  which  is  just  as  it  was  produced,  except 
that  it  nas  been  cemented  with  Canada  balsam  to  another  piece 
of  glass  for  protection.  Attached  to  the  photograph  is  an 
explanatory  diagram,  intended  to  point  out  the  peculiarities 
wluch  are  of  interest  It  will  be  noticed  at  once  that  the  main 
difference  is  not  due  to  a  change  in  the  number  or  arrangement 
of  the  Fraunhofer  lines,  but  rather  to  a  variation  in  the  strength 
of  the  background.  In  the  case  of  the  moon  the  background 
is  uniform  across  the  width  of  the  spectrum  in  any  region,  but 
io  the  case  of  Jupiter  the  background  is  fainter  in  the  middle 
of  the  width  of  the  spectrum  in  the  region  above  the  line  A, 
aod  stronger  in  the  middle  in  the  region  below  A,  especially 
toward  F.  The  observer  must  not  be  confused  by  the  dark 
portion  where  the  two  spectra  overlap  along  the  middle  of  the 
combined  photograph. 

In  order  to  interpret  this  photograph  it  must  be"  understood 
that  the  spectrum  of  Jupiter  was  produced  from  an  image  of  the 
planet  thrown  upon  the  slit  of  the  spectroscope,  by  a  telescope 
of  183  inches  focal  length,  the  slit  being  placed  approximately 
in  the  direction  of  a  line  joining  the  poles  of  the  planet!  The 
spectroscope  did  not,  therefore,  integrate  the  light  of  the  whole 
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disk,  but  analyzed  a  band  at  right  angles  to  the  equator  and 
extending  across  the  disk.  If  either  absorption  or  production 
of  light  were  taking  place  on  that  portion  of  Jupiter's  surfitce 
there  might  be  a  modification  in  the  intensity  of  the  general 
background  of  the  photographed  spectrum. 

A  casual  inspection  will  satisfy  any  one  that  such  modifica- 
tions in  the  intensity  of  the  background  are  readily  perceptible 
in  the  original  negative.  They  seem  to  me  to  point  out  two 
things  that  are  occurring :  first,  an  absorption  of  solar  light  in 
the  equatorial  regions  of  the  planet ;  and  second,  a  production 
of  intrinsic  light  at  the  same  placa  We  can  reconcile  these 
apparently  opposing  statements  by  the  hypothesis  that  the 
temperature  of  the  incandescent  substances  producing  li^ht  at 
the  equatorial  regions  of  Jupiter  did  not  suffice  for  the  emission 
of  the  more  refrangible  rays,  and  that  there  were  present 
materials  which  absorbed  those  rays  from  the  sunlight  &lling 
on  the  planet 

If  the  spectrum  photograph  exhibited  only  the  absorption 
phenomenon  above  \  the  interest  attached  to  it  would  not  be 
^reat  because  a  physicist  will  readily  admit  from  theoretical 
considerations  that  such  might  be  the  case  owing  to  the  colored, 
/belts  of  the  planet     But  the  strengthening  of  the  spectrum 
[between  h  and  F  in  the  portions  answering  to  the  vicinity  of 
/the  equatorial  regions  of  Jupiter  bears  so  directly  on  the  prob- 
I  lem  of  the  physical  condition  of  the  planet  as  to  incandescenoe 
V^hat  its  importance  cannot  be  overrated. 

The  circumstances  under  which  this  photograph  was  taken 
were  as  follows :  Longitude  of  observatory  4**  55"*  29**7  west  of 
Greenwich.  Night  not  very  steady.  Jupiter  and  the  moon 
differed  but  little  in  altituda  Jupiter's  spectrum  was  exposad 
to  the  photographic  plate  for  fifty  minutes,  the  moon  was 
exposed  for  ten  minutes.  Jupiter  was  near  the  meridian.  The 
photograph  of  Jupiter's  spectrum  was  taken  between  9^  66^ 
and  10^  45°*,  New  York  mean  time,  September  27,  1879. 

I  have  suspected  that  perhaps  there  may  have  been  an 
influence  produced  by  the  ffreat  colored  patch  on  Jupiter  which 
has  made  itself  felt  in  this  photograph.  It  may  be  that 
eruptions  of  heated  gases  and  vapors  of  various  composition, 
color,  and  intensity  of  incandescence  are  taking  place  od  the 
great  planet,  and  a  spot  which  would  not  be  especially  ooospio- 
uous  from  its  tint  to  the  eye  might  readily  modify  the  spectram 
in  the  manner  spoken  of  above. 
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Art.  XV  IL — On  the  Spectrum  of  the  Flame  of  Hydrogen ;  by 
William  Huogins,  D.C.L.,  LL.D.,  F.RS.  Received  June 
16, 1880. 

Mbssbs.  Liveing  and  Dewar  state,  in  a  paper  read  l)efore  the 
Rojal  Society  on  June  10,  that  they  have  obtained  a  photo- 
gra{>h  of  tbe  ultra-violet  part  of  the  spectrum  of  coal  gas  bum- 
mg  in  oxygen,  and  in  a  note  dated  June  8th  they  add  that  they  ' 
have  reason  to  believe  that  this  remarkable  spectrum  is  not  due 
tD  any  carbon  compound  but  to  water. 

Under  these  circumstances  I  think  it  is  desirable  that  I 
riiould  give  an  account  of  some  experiments  which  I  made  on 
this  subject  some  months  since,  without  waiting  until  the  inves- 
tigation is  more  complete. 

On  December  27,  1879,  I  took  a  photograph  of  the  flame  of 
hydrogen  burning  in  air.  As  is  well  known,  the  flame  of  hy- 
drogen possesses  but  little  luminosity,  and  shows  no  lines  or 
bands  in  the  visible  part  of  the  spectrum,  except  that  due  to 
sodium  as  an  impurity. 

Professor  Stokes,  in  his  paper  '^  On  the  Change  of  Refrangi- 
Klity  of  Light,"*  has  stated  that  "  the  flame  of  hydrogen  pro- 
duces a  very  strong  eflect  The  invisible  rays  in  which  it  so 
mach  abounds,  taken  as  a  whole,  appear  to  be  even  more  re- 
frangible than  those  which  come  from  the  flame  of  a  spirit 
lamp."  I  was  not,  however,  prepared  for  the  strong  group  of 
lines  in  the  ultra-violet  which,  after  an  exposure  of  one  minute 
and  a  half,  came  out  upon  the  plate. 

Two  or  three  weeks  later,  about  the  middle  of  January, 
1880,  I  showed  this  spectrum  to  Professor  Stokes,  and  we  con- 
gidered  it  probable  that  this  remarkable  group  was  the  spectrum 
(rf  water.  Professor  Stokes  permits  me  to  mention  that,  in  a 
letter  addressed  to  me  on  January  30,  he  speaks  of  "  this  novel 
and  interesting  result,"  and  makes  some  suggestions  as  to  the 
disputed  question  of  the  carbon  spectrum. 

I  have  since  that  date  taken  a  large  number  of  photographs  of 
the  spectra  of  different  flames,  in  the  hope  of  being  able  to  pre- 
Bent  the  results  to  the  Royal  Society,  when  the  research  was  more 
complete.  I  think  now  that  it  is  desirable  that  I  should  de- 
scribe the  spectrum  of  the  flame  of  hydrogen,  but  I  shall  reserve 
for  the  present  the  experiments  which  relate  to  the  presence  of 
carbon  and  its  compounds. 

The  spectrum  of  the  flame  of  hydrogen  burning  in  air  (No.  1) 
consists  of  a  group  of  lines  which  terminates  at  the  more  re- 
frangible limit  in  a  pair  of  strong  lines,  X  3062  and  X  8068.  At 
a  short  distance,  in  the  less  refrangible  direction,  what  may 

*  PhO.  Tranfl.,  1852,  p.  639. 
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|Hir)in[iH  1)0  regarded  as  the  group  proper,  commences  with  a 
Htrotig  lino,  i  SoyO.  Between  ibe  strong  line  X  306S  and  the 
lino  il  fiOOO  there  is  a  line  less  bright,  X  8080.  Lras  refrangible 
than  the  lino  i  8090  are  finer  lines  at  about  equal  distances. 
The  liriiw  are  then  fine  and  near  each  other,  and  appear  to  be 
ttrmngcd  hi  very  clouc  pairs.  There  is  a  pair  of  fine,  but  very 
diHtindt  liiieH,  i  8171  anu  X  8167.  In  this  photograph  the  group 
utin  be  traeoil  to  about  ^  3290.  This  group  constitutes  the  whole 
ti[M9atruit),  whicli  is  due  probably  to  me  vapor  of  water  (see  fig.) 
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1  then  iulnxiuceil  oxygen  into  the  flame,  leaving  a  small  ex- 
owwt*t  hydri.>gen.  A  spectrum  in  all  respects  similar  came  oat 
U{x>n  tlio  plate.  I  re^x^atetl  the  experiment,  taking  both  spectra 
vtn  iho  satno  philo.  Through  one-half  of  the  slit  the  spectmm 
of  iho  i>xYhrdn'^>n  flame  was  taken.  This  flame  was  aboat 
t>t>voii  inolie^  long,  and  the  spectrum  taken  of  a  part  of  th« 
lUmo  iwoinohiv  frv^m  the  jet.  The  oxrgen  was  then  tnroed 
i\rt'  and  the  quantity  of  hydn.'^n  allowed  to  remain  analtered 
A  snwnd  s}>wtnim  with  an  exposure  of  the  same  duration  wn 
then  laikoii  through  (he  sev^>nd  naif  of  the  slit  On  the  plate  the 
two  siHVira  are  in  overy  respect  similar,  and  have  so  exactly 
th»'  *aino  isHt-nsity,  ihai  they  appear  as  one  broad  spectrum. 

In  all  ihofie  eA^xrimentf'  a  platinum  jet  which  had  beea 
l.^)aviuV.y  oWnixl  wjf  u«»l. 

In  thiv^  o\{vriinents  the  two  ga:^«f  met  within  the  blowpipe 
M».i  is¥is«\l  in  a  niixeil  staie> 

T^e  Se;  was  ivmove^l,  .-inil  a  flame  of  hydrogen  was  sar-  • 
r>-:iXrcii^\  w;:V.  v^xysr^ni.  The  sjVotram  ^Xo.  * i  shows  some  addi- 
tk^a*'  "ir.rtfv  In  ihis  i-asv  ihe  .lei  was  bras-  and  i#  this  or  some 
^^i>er  <r«v  •■.■■;;»v.r:vw  ;!i\v  hare  been  icii\>l'j:«d  :  and  I  should, 
a;  •.^rft*^v•.  :T?,"";v.e  to  the  vie*  iha;  'he  additional  lines  abont 
i  S^:^?  iv..-.  ;  S4TS.  sTid  the  in\^u-.ts  tovW  t^irsnpWe  than  i  S068, 
,?.-  -■■,'.7  V;.-v,i  Jo  ;be  waier  s;>tvtr.i=:.  V-i  lo  imparities. 

vW-piS  «-»;!  sv:>>j.viv.1kv.  f.^r  iy  d:\-o?::  in  The  oxjhydrogeD 
>.'.-*  :v.v-  *:>.~,  .>\\ix^ii  adn:;:n<v.  in  as  '.ar^v  a  proportion  upoe- 
kVVv  Tr^  ;T.V;^r  bTui-  lla;vn^  rikr^  aYou^  ;»,■>  inches  above  the 
•if;  #.':■,••-?.:  .r.  ihe  Yis.Ke  jiar:  .■:";":.•?  >:>ft.-5r;iT2  ibe  ofoal  ""fiTe- 
"fnirr««--.  icwv-:r.:Tvi"'     T:^e  '.-.cVi  *>.■•-  lis   pan  of   the  flame 

siv  •iTi^ i.~.-ii.r  a.maLJv  i?-*.'— S?.i.  ir:£  iz  aii.san a  Terv  SOmof 
i.i'i  i-:-^'-.-  '.V,  «»,-.  i"«\^  >.:.es.  ;  S*T2  asi«SS9i*:  tlus  Uttv 
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line  is  aeen  to  be  the   more  refrangible  limit  of  a  group  of 
fine  lines  shading  off  towards  EL 

The  ultra-violet  group  when  carefully  compared  with  the 
group  in  the  spectrum  of  pure  hydrogen,  shows  several 
small  differences.  I  am  inclined  to  believe  that  there  is  the 
superposition  of  a  second  fainter  group.  There  is  strong 
evidence  of  this  in  some  spectra  of  hydrogen  taken  under 
other  conditiona  There  is  also  a  broad  band  less  refrangible 
than  the  strong  line  at  G,  and  the  light  extends  from  this  line 
on  its  more  refrangible  side. 

A  double  Bunsen  burner  (Fletcher's  form)  with  a  strong 
blast  of  air  was  then  fitted  up.  The  spectrum  was  taken  of 
the  intense  blue  flame.  It  resembles  tne  one  last  described. 
All  the  distinctive  features  are  intensified  and  a  continuous 
spectrum  and  groupings  of  very  fine  lines  fill  up  all  the  in- 
tervals between  the  groups  already  described,  so  that  there 
is  an  unbroken  strong  spectrum  throughout  the  whole  re- 
gion which  falls  upon  the  plate. 

A  spirit  lamp  was  arranged  before  the  slit.  The  spec- 
tram  is  essentially  the  same  as  No.  3,  but  as  it  is  less  in- 
tense only  the  strongest  lines  are  seen.  The  water  group, 
the  strong  line  at  G,  and  the  pair  of  lines  rather  more  re- 
fraogible  than  K,  are  seen.  Probably  with  a  longer  expo- 
sure the  finer  lines  would  also  show  .themselves. 

The  distinctive  features  of  spectrum  No.  3  appear  to  be 
ooanected  with  the  presence  of  carbon. 

JMe  of  Wdve4enQth8  of  the  Principal  Lines  of  the  Spectrum  of  WcUer, — No,  1. 
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Art.  XVHL — Determination  of  the  Acceleration  due  to  the  Force 
of  Chavity,  at  Tokio,  Japan  ;  by  T.  C.  Menbenhall. 

The  following  series  of  determinations  of  the  value  of  the 
acceleration  due  to  the  force  of  gravity  at  this  place  was  b^un 
in  the  month  of  February  of  the  present  year  and  continued 
throughout  the  succeeding  two  or  three  montha  A  considera- 
ble time  was  devoted  to  preliminary  experiments,  and  there  was 
some  delay  on  account  of  the  non-arrival  of  one  of  the  pendu- 
lums  used,  from  the  maker  in  Europe.  Throughout  the  whole 
series  and  in  all  of  the  labor  connected  with  it  I  have  had  the 
intelligent  and  faithful  assistance  of  Messrs.  Tanaka  and  Tan- 
akadate,  two  special  students  in  the  department  of  Physics  of 
the  Imperial  University  of  Japan. 

There  is  probably  nothing  new  in  the  method  employed, 
except,  perhaps,  the  mode  of  determining  the  time  of  vibration 
of  the  pendulum.     As  far  as  I  am  aware  this  method  has  not 
been  previously  described,  and  it  seems  to  possess  many  advan- 
tages  over  the  ordinary  method  of  coincidences.     It  simply 
involves  the  use  of  a  good  chronograph  and  a  break-circuit 
clock  or  chronometer,  together  with  an  arrangement  by  means 
of  which  the  experimental  pendulum  can  be  made  to  record 
its  own  beats  upon  the  chronograph  at  any  time.     In  the  be- 
ginning the  whole  number  of  vibrations  wnich  the  pendulum 
will  make  in  a  given  time  may  be  determined  by  letting  it 
break  the  circuit  at  every  vibration,  or,  better,  at  every  sixtieth 
or  hundredth  vibration,  which  can  easilj'  be  accomplished  by 
counting  and  raising  the  break-circuit  apparatus  to  its  proper 
position  underneath  the  pendulum  at  the  right  moment     In 
our  arrangement  this  apparatus  consisted  of  a  very  small  and 
light  "trip-hammer''  made  of  fine  wire,  which  was  so  adjusted 
that  by  pressing  upon  a  button  it  was  brought  up  to  such  a 
point  that  it  would  be  just  **  thrown  "  by  the  pendulum  in  its 
passage  through  the  lowest  point  of  its  arc.     Although  the 
resistance  offered  to  the  pendulum  can  be  made  extremely 
small,  yet  it  is  so  great  as  to  interfere  quite  perceptibly  with  its 
motion  if  the  pendulum  is  obliged  to  operate  the  break-circuit 
at   each   beat,  as   experiment   has   proved.     But   it  may  be 
rejected  after  the  first  two  or  three  trials,  not  only  on  account 
of  the  resistance  which  it  introduces  but  also  because  it  is  not 
necessary  to  continue  its  use.     The  whole  number  of  seconds 
required  for  a  given  number  of  vibrations  being  known,  it 
only  remains  to  determine  the  fractional  part  of  a  second  as 
accurately  as  possible.     It  is  therefore  only  necessary  to  cause 
the  pendulum  to  break  the  circuit  twice,  once  at  the  beginning 
!  tne  period  and  once  again  at  the  end.     By  this  means  all 
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objection  to  the  process  on  account  of  resistance  is  removed, 
jideed  it  is  in  tne  possibility  of  determining  these  fractional 
)arts  of  a  second  at  the  beginning  and  at  tne  end,  that  the 
merit  of  this  method  consists.     The  chronograph  used  in  these 
leterminations  is  by  Alvan  Clark  and  Sons,  and  for  uniformity 
)f  speed  it  is  everything  that  could  be  desired.     The  line  made 
i)y  the  pen  is  sharp  and  clear.     The  length  of  one  second  on 
£e  sheet  is  about  8  mm.,  so  that  it  can  be  easily  measured  with 
i  microscope  of  low  power  with  a  micrometer  eye  pieca     It 
irill  easily  be  seen  that  even  if  the  total  time  during  which  the 
pendulum  is  made  to  swing  be  not  great,  its  value  can  be  ascer- 
kained  within  a  very  small  fraction  of  itself.     By  this  process, 
therefore,  it  becomes  possible  to  make  the  duration  of  the  ex- 
periment extremely  short  compared  with  that  required  in  the 
method  of  coincidences  and  yet  to  reach  the  same  degree  of 
accuracy.    As  a  proof  of  this  it  may  be  stated  that  in  numerous 
instances  in  which  the  duration  of  the  experiment  was  only 
twenty  minutes,  three  independent  measurements  of  the  total 
time,  made  from  the  chronograph  sheet,  did  not  diflfer  among 
themselves  by  more  than  one  sixty-thousandth  part  of  the 
whole.     The  advantages  in  thus  reducing  the  whole  duration 
of  the  experiment  from  hours  to  minutes  are  many.     All  of 
the  conditions  may  be  maintained  nearly  constant  during  the 
whole  time  of  the  swine,  and  this  is  especially  important  in 
regard  to  temperature  and  arc  of  vibration,  the  latter  oeing  also 
made  much  smaller  to  begin  with  than  would  otherwise  be 
possible.    Again,  the  method  eliminates  "judgment"  to  a  great 
extent  as  the  pendulum  marks  for  itself  the  beginning  and  the 
end  of  the  penod  of  tima     Another  important  gain  is  that  the 
use  of  the  clock  may  be  dispensed  witn,  and,  without  loss  of 
accuracy,  the  break-circuit  chronometer  substituted,  thus  ren- 
dering the  whole  apparatus  for  such  a  determination  easily 
portabla 

The  first  series  of  experiments  undertaken  was  with  a  KAter  s 
pendulum.     The  adjustment  of  the  sliding  weights,  for  the 
purpose  of  making  the   times  of  vibration  when  suspended 
nom  either  knife  edges  equal  to  each  other,  is  a  matter  of  con- 
siderable difficulty  and  involves  much  labor.     In  the  present 
instance  no  attempt  was  made  to  secure  a  closer  agreement 
between  the  two  periods  than  that  of  those  recorded  below,  for 
the  reason  that  the  difficulties  in  the  way  of  obtaining  the 
exact  length  of  the  pendulum  were  such  as  to  make  any  greater 
d^ree  of  accuracy  as  far  as  time  is  concerned  unnecessary. 
There  being  at  that  time  no  standard  of  length  in  the  posses- 
sion of  the  University,  recourse  was  had  to  a  standard  bar  three 
meters  in  length,  made  by  Troughton,  belonging  to  the  Depart- 
ment of  Public  works.     As  the  pendulum  was  approximately 
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one  meter  long  it  was  necessary  to  ** triplicate"  it  in  order  to 
compare  it  with  this  bar.  The  latter  is  provided  with  reading 
microscopes,  and  by  repeating  the  comparison  two  or  three 
times  the  result  given  below  was  obtainea  and  it  is  believed  to 
be  not  more  than  a  few  hundredths  of  a  millimeter  from  the 
truth.  The  results  of  six  determinations  of  the  time  of  vibra- 
tion are  given  below  in  columns  A  and  B,  the  first  set  being 
made  upon  one  of  the  knife  edges,  and  the  second  upon  the 
other.  The  values  of  **^"  corresponding  to  these  are  also 
given. 

Length  of  pendulum  at  0°  1*00069  meten. 

at  ll°*o  (vibrating  temp.)      1-00090 


U  i( 


Time  of  vibration,  corrected  for  arc  and  chronometer. 

A.  B. 

1-00410  1-00412 

100412  100417 

1-00410  1-00417 

Values  "^." 

9-7980  9-7976 

9-7976  9-7966 

9-7980  9-7966 

These  give  a  mean  value  of  9*7974. 

It  must  be  remembered,  however,  that  these  results  are  not 
corrected  for  buoyancy,  in  other  words  they  are  still  to  be 
reduced  to  a  vacuum.  This 'correction  has  not  been  applied 
for  two  reasons  :  first,  because  the  result  cannot  be  considered 
as  anything  more  than  a  first  approximation,  and,  second,  be- 
cause I  am  bv  no  means  certain  as  to  just  what  it  ought  to  ba  ] 
There  is  no  doubt  but  the  correction  must  be  different  in  the 
two  cases  of  suspension,  when  the  heavy  ball  of  the  pendulum 
is  above  the  knife  edge  and  when  it  is  below,  as  was  experi- 
mentally demonstrated  by  Sabine  many  years  ago.  I  believe 
Sabine  also  investieated  the  actual  correction  to  be  applied  to 
Kater  s  pendulum,  but  owing  to  the  very  limited  library  fiswili- 
ties  afforded  residents  of  this  country  I  am  unable  to  refer  to 
his  results.  When  corrected,  the  above  mean  will  undoubtedly 
somewhat  exceed  the  true  value,  but  no  great  degree  of  aocn- 
racy  was  attempted  either  in  the  adjustment  of  the  pendulum 
or  in  the  measurement  of  its  length. 

A  "Borda's  Pendulum,"  made  by  Salleron,  was  received 
soon  after  the  conclusion  of  the  above  experiments,  and  as  il 
was  accompanied  by  a  standard  measuring  apparatus  it 
determined  to  undertake  a  more  accurate  and  a  more  extei 
series  of  observations  for  the  determination  of  the  value  cl  "j^^ 

The  pendulum  was  of  the  well  known  form  used  by 
and  by  many  others  since  his  tim«^.    The  ball  was  dE  bi 


T.  a  AfendmhaU — Acceleration  of  Gravity  at  Tohio,  Japan.  127 

and  upon  examination  was  found  to  be  very  closely  spherical 
and  homogeneous     It  could  be  suspended  by  means  of  a  small 
concave  cup  to  which  the  ball  would  cling  when  it  was  rubbed 
with  a  little  tallow.     To  this  cup  a  suspending  wire  was  fas- 
tened, the  other  end  of  which  was  secured  to  the  end  of  a  small 
cylinder  projecting  down  from  the  knife  edge.     In  a  line  with 
tms  and  above  the  knife  edge  was  a  set  of  adjusting  screws,  by 
means  of  which  this  part  of  the  apparatus,  independent  of  the 
wire  and  ball,  was  made  to  vibrate  in  approximately  the  same 
period  as  that  of  the  pendulum.     Experiment  proved  that  this 
adjustment  might  be  very  considerably  disturbed  without  sen- 
sibly affecting  the  time  of  vibration  of  the  pendulum,  but  it 
was,  nevertheless,  carefully  attended  to.  After  a  number  of  trials 
the  cup  was  rejected  as  a  useless  and  somewhat  uncertain  part  of 
the  apparatus,  and  in  its  stead,  in  the  final  series  of  experiments, 
the  wire  was  securely  fastened  to  the  ball  by  means  of  a  small 
diop  of  solder  which  was  fused  on  the  end  of  the  wire  and  after- 
wanl  brought  in  contact  with  the  ball  while  the  latter  was  heated. 
The  rejection  of  the  cup  greatly  simplifies  the  calculation  of 
the  reduced  length  of  the  pendulum  and  lessens  the  probability 
of  error  in  the  measurements.     A  number  of  trials  were  made 
to  determine  ths  most  desirable  suspending  wire.     Theoreti- 
cally an  exceedingly  fine  wire  is  best,  but  practically  it  was 
found  that  much  trouble  was  occasioned  by  the  almost  con- 
stant stretching  and  final  breaking  of  very  fine  wires,  so  that  it 
Was  found  best  to  employ  a  wire  of  sufficient  strength  to  assure, 
afier  a  few  days'  suspension,  a  pendulum  of  invariable  length 
during  the  time  of  the  experiment,  subject,  of  course,  to  slight 
changes  due  to  variable  temperature.     The  wire  used  at  last 
was  of  platinum,  which  is  desirable  on  account  of  its  low  coef- 
ficient of  expansion.     The  measuring  apparatus  was  similar  to 
that  used  by  Borda.     The  great  advantage  of  this  method  is 
that  the  pendulum  can  be  measured  in  plcice^  or  at  least  it  must 
only  be  removed  to  give  place  to  the  measuring  rod,  the  actual 
adjustment  for  length  having  been  made  before.     This  pendu- 
lum, as  in  the  previous  case,  was  suspended  from  a  strong  iron 
support  securOT  to  the  top  of  a  stone  pier  about  six  feet  in 
height  and  two  feet  squara     The  knife  edge  of  the  pendulum 
Tested  on  a  pair  of  agate  plates  which  were  accurately  leveled 
by  means  of  four  leveling  screws  and  then,  firmly  secured,  so 
that  motion  was  impossible.    At  the  base  of  the  stone  pier  and 
firmly  secured  to  it  was  a  strong  wooden  beam,  upon  which 
could  be  placed  the  apparatus  for  breaking  the  circuit,  and  also 
4e  small  circular  plane  table  which  was  elevated  by  means  of 
i  screw  until  it  was  tangent  to  the  sphere  at  its  lowest  point 
The  measuring  rod  which  could  be  substituted  for  the  pendu- 
lum was  of  iron,  and  the  length  of  the  rod  was  read  by  means 
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of  a  vernier  and  microscope  to  hundredths  of  a  millimeter. 
There  was  also  a  metallic  thermometer  attached  for  giving  the 
temperature  of  the  bar.     The  reading  of  the  length  of  the  rod 
was  always  taken  while  the  rod  was  m  position  upon  the  W^ 
plates,  and  its  temperature  was  read  at  the  same  time.    The 
deflection  of  the  support  of  the  pendulum  due  to  the  addition 
of  the  weight  of  the  measuring  rod  was  determined  to  be  about 
•02  mm.  and  correction  was  made  for  it     As  the  apparatus 
was  arranged  it  was  very  easy  to  make  a  measurement  of  the 
length  of  the  pendulum,  and  measures  were  taken  at  very  short 
intervals,  always  both  before  and  after  a  series  of  vibrations. 
It  was  found,  however,  that  when  the  temperature  was  constant 
the  length  remains  sensibly  the  same.     A  number  of  compari- 
sons were  made  between  the  meter  upon  the  measuring  rod 
and  a  standard  meter  from  the  Finance  Department,  maae  bv 
Deleuil,  both  of  which  ought  to  be  correct  at  0**.     The  result 
of  these  comparisons  was  such  that  a  correction  of  — •  "04  mm. 
was  made  upon  the  length  of  the  measuring  rod  at  0^     The 
pendulum  was  suspended  in  a  small  room  favorably  situated 
as  regards   all   disturbances  from  air  currents  and    sudd^ 
changes  in  temperature.     From  this  room  wires  were  carried 
to  the  chronograph,  which  was  in  a  room  near  by.     The  time 
was  taken  from  a  break-circuit  chronometer  in  the  transit  room 
of  the  Astronomical  Observatory.     The  chronometer  was  not 
moved  from  its  place,  the  observatory  being  connected  with 
the  physical  laboratory,  from  which  it  is  distant  nearly  two 
miles,  by  a  telegraph  line,  so  that  the  beats  of  the  chronometer 
were  recorded  upon  the  chronograph  in  the  laboratory.    The 
rate  of  the  chronometer  was  determined  by  star  transits  ob- 
served for  several  nights  in  succession  before  and  after  the  date 
of  the  observations  recorded  below.     The  results  given  are  the 
periods  of  vibration  in  mean  solar  time,  corrected  for  chronom- 
eter rate  and  also  for  arc  of  vibration,  the  latter  being  observed 
bv  means  of  a  scale  and  a  telescope  about  fifteen  feet  away- 
I'he  mean  arcs  varied,  in  the  different  experiments,  from  40 
to  70'. 

After  having  found  the  total  length  of  the   pendulum,  as 
well  as  the  dimensions  and  masses  of  its  various  parts,  the 
"reduced  length,''  or  the  length  of  the  equivalent  simple  pea- 
dulum,  is  computed  by  means  of  a  well-known  formula.,   xhi^ 
with  the  time  of  vibration  gives  the  value  of  "^"  in  air,  and  U> 
this  must  be  added  the  correction  for  "  buoyancy."     In  moft^ 
of  the  earlier  determinations  by  this  method  this  correction  vra^ 
found  by  simply  comparing  the  density  of  the  pendulum  witl^ 
that  of  the  air  m  which  it  vibrated.     Although  it  was  showi^-; 
before  Borda  made  his  experiments,  that  this  correction 
too  small,  he  seems  to  have  been  ignorant  of  the  fact,  and  n 
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il  Bessel  again  investigated  the  question  a  good  many  years 
r,  was  general  attention  called  to  the  fact  About  the  year 
0,  Baily  made  an  extensive  series  of  experiments  with  a 
ety  of  pendulums,  for  the  purpose  of  determining  the  true 
le  of  this  correction.  Unfortunately  I  am  unable  to  refer 
is  results  directly,  but  I  believe  that  his  conclusion  was 
;  for  such  a  pendulum  as  was  used  in  these  .determinations 
ordinary  correction  should  be  multiplied  by  1*5,  and  this 
or  has  been  used  in  correcting  the  results  given. 
elow  will  be  found  the  results  of  eleven  diflFerent  deter- 
ations,  the  first  five  of  which  were  made  on  May  26,  and 
others  on  May  27. »  On  both  days  during  the  time  of  vibra- 
,  all  of  the  conditions  were  sensibly  constant  and  the  same, 
ID  addition  to  this  the  nights  were  favorable  for  the  deter- 
ation  of  the  chronometer  rate.  Each  of  the  results  is  based 
n  an  experiment  of  twenty  minutes'  duration,  the  time  of 
"ation  in  each  case  being  the  mean  of  two  or  three  inde- 
ient  measurements  of  the  chronograph  record  made  by  dif- 
nt  persons. 

he  value  of  "^"  is  calculated  for  each  time  of  vibration 
^rmined,  and  each  is  corrected  for  buoyancy.  These  include 
>f  the  determinations  made  upon  those  two  days,  none  hav- 
been  rejected. 

Determination  of  the  value  of  "  9"  at  Tokio,  Japan. 
Latitude  N.  SS**  41',  long.  E.  139^  U\    Ht.  above  sea  level,  5  meters. 

Total  length  of  pendulum,      .         .  1014-18  mm. 
Distance  from  knife  edge  to  wire,       .         40*50     " 

Length  of  wire,       .         .         .         .  931-62     " 

Radius  of  ball, 18-03     " 

Weight  of  ball,      ....  1 98*951  grm. 

"       wire,         ....  1-913     " 

Density  of  ball,      ....  8*0 

Length  of  equivalent  simple  pendulum,  994*59  mm. 

"ime  of  vibration.  Corresponding  value  of  "y." 

1-00103 9-7982  meters. 

1-00100 9-7988       " 

1-00103 9-7982       " 


1-00104 
1-00103 
1-00101 
1-00102 
l-OOlOl 
1-00108 
1-00101 
1*00100 


.     9-7980  " 

9-7982  " 

.     9-7986  *' 

9-7984  " 

.     9-7986  " 

9-7982  " 

.     9.7986  " 

9-7988  " 

Mean  of  all  results,  ^=9-7984. 
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This  result  is  slightly  greater  than  that  given  by  many  of  the 
formulas  for  computing  the  value  of  *'^"  in  any  latituda 

An  excellent  opportunity  is  oflFered  in  Japan  for  measuring 
the  force  of  gravity  at  a  considerable  height  above  the  sea  level, 
in  the  great  extinct  volcano,  Fujiyama,  which  reaches  a  height 
of  between  12,000  and  13,000  feet  An  excursion  is  being 
arranged  for  the  purpose  of  making  this  determination  during 
the  coming  summer.  For  this  pui'pose  what  may  be  called  an 
^'invariable"  pendulum  is  now  being  vibrated  in  the  place  at 
which  the  above  result  was  obtained.  Its  period  will  be  care- 
fully ascertained  here  before  carrying  it  to  the  mountain,  then 
on  the  top  of  the  mountain,  and  again  there  after  it  has  been 
brought  back. 

Nearly  all  of  the  labor  of  the  above  determination  had  been 
concluded  when  the  April  number  of  the  Philosophical  Maga- 
zine reached  Japan.  It  was  found  to  contain  a  paper  by 
Messrs.  Ayrton  and  Perry,  on  a  "  Determination  of  the  Accel- 
eration of  Gravity  for  Tokio,  Japan,"  which  was  based  on 
experiments  made  by  the  authors,  at  the  College  of  Engineer- 
ing in  this  city,  in  1^578.  Before  beginning  the  series  of  exper- 
iments described  above,  I  had  learned  that  some  work  in  the 
same  direction  had  been  done  in  the  College  of  Engineering. 
Messi-s.  Ayrton  and  Perry  being  no  longerin  Japan,  i  was  una- 
ble to  ascertain,  although  inquiry  was  made,  anything  very 
definite  concerning  their  methods  or  results.  I  was  led  to 
believe,  however,  that  they  had  made  no  attempt  at  a  very  pre- 
cise determination.  Their  paper,  as  now  published,  puts  the 
matter  in  a  somewhat  diflFerent  light,  and,  as  their  result  diflFers 
from  that  deduced  above,  I  desire  to  call  attention  to  some 
points  in  connection  with  their  method  and  their  calculation. 
The  data  furnished  in  the  paper  are  by  no  means  as  complete 
as  would  be  desirable  for  a  thorough  discussion  of  its  value, 
but  much  may  be  learned  by  an  examination  of  what  it  does 
contain. 

The  pendulum  used  by  Messrs.  Ayrton  and  Perry  was 
nearly  ten  meters  in  length.  There  are  serious  objections  to 
the  use  of  a  long  pendulum.  Borda,  in  his  celebrated  deter- 
minations made  at  Paris,  used  a  pendulum  about  four  meters 
long,  but  one  which  approximates  in  length  to  a  seconds  pen- 
dulum has  been  almost  universally  made  use  of  sinca  The 
great  objection  to  the  use  of  a  long  pendulum  is  the  difficulty 
of  measuring  it  in  place,  Messrs.  Ayrton  and  Perry  measur^ 
their  pendulum  by  placing  it  in  a  horizontal  position,  and 
stretching  it  by  allowing  the  end  near  the  ball  to  hang  over  a 
wheel  with  very  little  friction.  The  length  was  obtained  by 
comparison  with  a  bar  one  meter  long,  and  as  this  bar  must  be 
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placed  ten  times  to  cover  the  whole  length,  it  is  plain  that  any 
great  d^ree  of  accuracy  must  have  been  diflBcult  to  obtain, 
and  this  is  especially  true  when  the  measurement  of  that  por* 
tion  of  the  wire  which  hangs  over  the  wheel  is  considered. 
Their  26th  experiment  was  made  on  the  25th  of  January,  and 
the  5Sd  on  the  21st  of  February,  from  which  we  may  infer  that 
the  entire  time  of  suspension  was  at  least  two  months.     As 
ODly  one  measurement  is  spoken  of,  it  is  probable  that  it  was 
measured  at  the  conclusion  of  the  series  of  experiments,  and 
it  seems  hardly  likely  that  its  length  would  have  remained  con- 
stant during  that  length  of  time.     In  getting  the  time  of  vibra- 
tion the  first  method   used   was  what  might  be  termed   the 
method  of  coincidences  bv  electricity,  and  which,  so  far  as  I 
know,  was  first  described  by  Professor  Pickering,  in  his  excel- 
lent "  Physical  Manipulations."     This  was  afterward  rejected, 
however,  and  the  vibrations  were  counted  by   means  of  a 
Morse  instrument     The  authors  speak  of  measuring  the  frac- 
tion of  a  vibration,  but  evidently  this  could  not  be  done  with 
iccnracy  by  the  use  of  such*  an  arrangement,  and  there  is  also 
the  objection  that  the  pendulum  was  obliged  to  do  the  work  of 
breaking  the  circuit  at  every  vibration.     Messrs.  Ayrton  and 
Perry  give  the  time  of  vibration  of  their  pendulum  for  only 
three  experiments,  and  it  is  a  little  difficult  to  understani^ 
exactly  how  these  were  obtained.     The  time,  taken  from  the 
chronometer,  is  given  and  also  the  number  of  vibrations.    Any 
one  who  will  take  the  trouble  to  divide  one  by  the  other,  will 
obtain  results  differing  very  materially  from  those  given  in  the 
paper.     The  only  way  out  of  this  difficulty  that  occurs  to  me, 
18  to  consider  the  times  given  as  the  apparent  times  corrected 
for  clock  error,  and  this  I  shall  do,  although  it  involves  the 
somewhat  violent  assumption  that  the  chronometer  employed 
had,  in  the  first  experiment,  a  "losing  rate"  of  about  1  minute 
and  15  seconds  per  day,  which,  at  the  time  of  the  second  exper- 
iment had  changed  to  a  slight  "gaining  rate,"  and  had  fallen 
again   to  a  "losing  rate"  at  the  third.     Supposing,  however, 
that  this  was  the  case,  it  will  be  observed  that  the  periodic 
time  used  in  the  calculation  is  considerably  greater  than  that 
of  either  of  the  three  experiments  given.     This  time,  3*0748 
seconds,  is  doubtless  the  mean  time,  and  in  the  absence  of  the 
other  results  it  may  be  fairly  assumed  that  there  was  at  least 
one  result  which  was  as  much  greater  than  the  mean  as  the 
least  of  those  quoted  in  the  paper  is  less.     Ou  this  supposition, 
the  extreme  times  of  vibration  of  their  pendulum  will  be  30741 
seconds  and  3*0755  seconds.     Substituting  these  numbers  in 
tfaeir  formula,  the  values  of  "^"  obtained  would  be,  respect- 
ively, 9*7997  meters  and  9*7907  meters.     These  results  are  not 
oorrected  for  buoyancy,  but  the  same  wide  range  would  exist 
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after  that  correction  is  made.  But  as  nothing  is  known  con- 
cerning the  experiments  not  quoted,  the  most  favorable  case 
imaginable  may  be  assumed.  Suppose  that  in  addition  to  the 
three  results  given,  they  were  in  possession  of  an  infinite  num- 
ber of  others,  all  agreeing  exactly  with  that  which  is  used  in 
their  computation.  The  extreme  results  would  still  cover  a 
wide  range,  from  9*7997  to  9*7952.  Instead  of  the  latter  num- 
ber they  give  9*7958,  but  they  have  made  a  miscalculation  in 
reducing  the  formula,  the  true  value  being  as  given  above. 

Although  making  some  elaborate  calculations   concerning 
corrections  which  may  be  rejected,  they  reject,  apparently  with- 
out calculation,  the  correction  for  the  arc  of  vibration.     The 
arc  through  which  their  pendulum  swung  was  nearly  2^,  and  if 
a  correction  for  this  be  applied  it  will  materially  alter  the  last 
figure  of  their  result     In  applying  the  correction  for  buoyancy 
they  seem  to  have  correctea  only  for  the  ordinary  density  of 
the  ball  and  not  for  its  "  vibrating  density."     The  correction 
which  they  apply  is  *0016  meters,  and  if  this  be  multiplied  by 
1*5  and  the  correction  for  arc  also  made,  their  result  will  bie 
9*7979  instead  of  9*7974,  as  given  in  their  paper.     They  refer 
to  the  close  agreement  of  their  result  with  that  deduced  from 
Clairault's  formula,  which  they  make  to  be  9*797.     But  they 
have  misquoted  Clairault's  formula,  putting  y  where  there 
should  be  2^.     This  is  doubtless  a  typographical  error,  bat 
they  have  also  miscalculated  it,  for  it  gives  9*7980  meters  as 
the  value  of  '^^''  at  this  latitude,  and  not  9*797  meters,  as 
stated  in  their  paper. 

Taking  all  of  these  facts  into  consideration,  it  does  not  seem 
that  great  weight  can  be  attached  to  their  result,  notwithstand- 
ing its  close  agreement  with  the  calculated  value  for  this  place, 
and  it  is  doubtful  whether  the  "  bounds  of  existing  knowledge** 
have  been  advanced,  in  any  great  degree,  by  this  mvestigation. 

Toldo,  Japan,  June  2,  1880  * 


Art.  XIX. — On  a  new  species  of  Ptericihys^  allied  to  Bothriokpis 
onmta  Eichwald,  from  Vie  Devonian  rocks  of  the  North  sidt(^ 
the  Bate  des  Clialeurs  ;  by  J.  F.  Whiteaves. 

The  nomenclature  of  some  of  the  Devonian  Placodermsoi 
the  sub-order  Ostracostei  of  Huxley  is  still  in  a  state  of  great 
confusion.  Thus,  Ptericthys  Agassiz  and  Bothriolepis  Eick- 
wald,  are  both  quoted  by  Pander  as  synonyms  of  Asterokfii 
Eichwald,  while  the  Asierolepis  of  Agassiz  and  Hugh  Miller  ia 
regarded  by  the  same  authority  as  synonymous  in  part  witl 

*  Received  at  New  Haven,  Ct,  Jane  29,  1880. 
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Hamoatiua  Asmuss,  and  in  part  with  Heterosiius.  On  the  other 
hand,  Prof.  R  Owen  claims*  that  Piericihys  should  be  retained 
in  preference  to  Asierolepis  and  Boihriokpis  Eicbwald,  on  the 
ground  that  <'  no  recognizable  generic  characters  were  associa- 
ted "  with  the  latter  names ;  and,  as  this  view  has  been  very 
generally  accepted  by  paleontologists,  it  will  be  adopted  pro- 
visionally in  these  notea 

The  only  remains  of  fossil  fishes  yet  recorded  as  occurring 
in  the  Paleozoic  rocks  of  North  America  which  may  prove  to 
be  referable  to  the  genus  Ptericthys^  are  some  isolated  scales 
from  the  Catskill  group  of  Tioga  County,  Pennsylvania,  de- 
scribed by  Prof.  Hall  in  1848  as  Sauripierts  Taylori^  but  which 
Dr.  Newoerry  thinks  have  the  characteristic  sculpture  of  Both- 
rioltpia.  The  name  Ptericihys  NoTWoodensis^  although  inadver- 
tently cited  by  Mr.  S.  A.  Miller,  on  page  288  of  his  "Ameri- 
can ralsdozoic  Fossils,"  should  have  been  rejected  long  ago, 
for  in  the  first  volume  of  the  Second  Series  of  this  Journal, 
dated  1846,  Drs.  Norwood  and  Owen  showed  that  the  specimen 
for  which  it  was  suggested  is  the  type  of  their  genus  Macropeia- 
HcthySj  and  of  a  species  which  they  described  as  M,  rapheido- 
Was. 

In  the  summer  of  1879,  Mr.  R.  W.  Ells,  M.  A.,  of  the  Geo- 
logical Survey  of  Canada,  had  the  good  fortune  to  find,  in  a 
concretionary  nodule  of  argillite  from  the  north  side  of  the 
Baie  des  Chaleurs  immediately  opposite  Dalhousie,  a  mould  of 
the  plastron  or  ventral  surface  of  a  true  Ptericihys  (as  defined 
by  rrof.  Owen)  with  one  of  the  pectoral  spines  in  situ.  At 
the  earliest  practicable  opportunity,  Mr.  Ells  revisited  the 
locality,  and  m  the  first  week  of  June  last  obtained  three  ex- 
quisitely preserved  specimens  of  the  buckler  of  the  same  spe- 
cies and  several  fragments ;  also  some  isolated  scales  of  a 
Olypiolepis.  The  finest  example  of  the  Canadian  Ptericihys 
collected  by  Mr.  Ells  had  a  large  piece  broken  off  the  left  mar- 
gin when  it  was  found,  but  with  this  exception  the  whole  of 
the  upper  surface  of  the  helmet  and  buckler  is  finely  exposed 
(the  plastron  being  partly  covered  by  the  matrix),  and  the  out- 
line of  the  orbital  opening  is  clearly  defined.  A  few  weeks 
later,  Mr.  T.  C.  Weston,  also  of  the  Canadian  Survey,  collected 
an  additional  number  of  fine  specimens  of  the  Ptericihys  from 
this  locality,  some  of  which  illustrate  admirably  the  shape, 
Kulpture  and  mode  of  articulation  of  the  pectoral  spines. 
Associated  with  these  there  are,  in  Mr.  Weston's  collection,  a 
nearly  ■  perfect  but  badly  distorted  specimen  of  a  Glyptolepis 
fully  seven  inches  in  length,  some  iragments  of  Psilophyton, 
and  a  spore  case  of  a  Lepidodendron. 
Taken  collectively,  the  specimens  thus  far  obtained  of  the 

*  Palseontology,  Second  Edition,  page  141, 
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Canadian  Ptericthys  show  nearly  all  the  characters  of  the  hel 
met,  buckler,  plastron  and  pectoral  spines,  in  the  most  satisfac 
tory  manner,  but  no  vestiges  of  the  tail  have  yet  been  detected 
nor  of  any  of  the  fins  other  than  the  two  pectoral  spinea  Thi 
nature  of  the  mouth  and  of  its  dentition,  if  it  haa  any  teeth 
are  unknown,  and  the  small  isolated  plate  in  the  orbital  cavitj 
(the  "  OS  dubium,"  of  Pander,  the  '^  median  "  plate  of  Owen 
has  not  yet  been  observed.     In  the  number,  outlines  and  dia 

Eosition  of  the  plates  on  the  upper  and  lower  surface  of  th( 
ead  and  body,  and  in  the  shape  and  mode  of  articulation  o 
the  pectoral  spines,  the  Canadian  fish  agrees,  in  every  essentia 
point,  with  Pander's  well  known  figures  of  a  typical  Ptericthys 
but  the  sculpture  of  the  entire  surface  of  the  former  is  preciselj 
like  that  of  Boiliriolepis  ornata  Eichwald,  which  is  thus  de 
scribed  by  Agassiz  :*  "  Les  ornemens  de  cette  esp6ce  consisten 
en  petits  enfoncemens  circulaires  plac6s  les  uns  k  cot^  de 
autres  et  s^parfis  par  des  cardnes  qui,  par  leur  juxta-position 
paraissent  hexagonales,  d-peu-pr^  comme  les  vitraux  ronds  dei 
anciennes  fen^tres,  avec  rentourage  en  plomb  qui  les  r6unit 
Les  creux  ont  d-peu-prte  la  grandeur  d'une  bonne  t6te  d'^pin 
gle,  et  ils  sont  places  en  series  lin6aires  plus  ou  moins  r^u 
litres,  formant  des  lignes  ondul6es  sur  la  surface  de  r6cailla 
Pour  la  plupart,  ces  creux  sont  isol6s  les  uns  des  autres, 
quelquefois  aussi  plusieurs  se  confondent  en  formant  un  sillon 
plus  ou  moins  long.  Les  car^nes  interm6diaires  sont  tranchan 
tes  et  minces,  mais  elles  se  maintiennent  au  m^me  niveau ;  Ton 
ne  pourrait  donner  une  meilleure  image  de  cette  sculpture  des 

Slaques,  qu'en  enfongant  des  epingles,  la  t6te  la  premiere,  sur 
u  gyps  encore  frais,  car  il  en  r^uUerait  le  m€me  dessin.  En 
examinant  ces  plaques  k  la  loupe,  on  voit  au  fond  de  cbaque 
cellule  osseuse  un  petit  trou  central,  qui  m^ne  dans  un  canal 
m^dullaire  de  TintiSrieur  de  I'&Miilla  Evidemment  ces  trous 
6taient  destin6s  k  donner  passage  aux  fins  vaisseaux  sanguins 
qui  montaient  k  travers  rScAille  pour  se  ramifier  dans 
1  epiderme  qui  couvrait  la  plaque.''  All  the  markings  so  care- 
fully described  in  the  above  passage,  even  to  the  minute  perfo- 
rations through  the  plate  in  tne  center  of  each  pit,  can  be  made 
out  with  perfect  ease  in  most  of  the  specimens  collected  by 
Messrs.  Ells  and  Weston. 

The  Canadian  Ptericthys  is  so  closely  allied  to  the  Boihrio- 
lepi^  oniata  that  it  is  by  no  means  certain  whether  the  two  are 
specifically  distinct  or  not^  Apart  from  its  peculiar  sculpture, 
the  specific  characters  of  B.  ormita  are  very  imperfectly  asce^ 
tained,  the  species  having  been  founded  exclusively  on  a  few 
large  isolated  plates  of  a  placoderm,  from  the  Devonian  rocks 
of  Russia  and  Scotland.     Until  more  perfect  examples  of  R 

*  Monographie  des  Poisaons  Foesilee  dn  Yieux  Grde  Booge,  fta,  page  99. 
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amaia  shall  have  been  described  and  figured,  it  will  be  impos- 
sible to  institute  an  accurate  comparison  between  it  and  the 
nearly  related  Canadian  form.     There  are,  however,  good  rea- 
sons lor  supposing  that  the  European  species  attained  a  much 
larger   size   than   the  Canadian,    for  Agassiz   says   that  the 
plates  of  B.  omata  are  from    three  to   six  inches  in  length, 
and,  judging  by  this,  the   approximate  length  of  its  helmet 
and  buckler  together  may  be  roughly  estimated  at  from  six 
to  twelve  inches  at  least     The  largest  isolated  plate  of   the 
Ptericihys  from  the  Baie  des  Chaleurs  yet  obtained  (one  of  the 
ventro-laterals)  is  only  two  inches  and  a  half  long,  while  the 
smallest  of  two  perfect  specimens  of  the  united  helmet  and 
buckler  from  the  same  locality  is  a  little  over  two  inches  in 
length,  and  the  largest  (the  fine  specimen  collected  by  Mr.  Ells) 
is  just  six  inches. 

Under  the  ciircumstances,  the  writer  thinks  it  most  prudent 
to  give  to  the  Canadian  Piericihys  a  local  and  provisional  name, 
witQ  a  brief  diagnosis  of  its  most  salient  characters,  as  follows: 
premising  that  a  more  detailed  description  of  the  species,  accom- 
panied with  figures,  will  appear  at  an  early  date  in  one  of  the 
publications  of  the  Canadian  Geological  Survey. 

Ptkricthts  (Bothbiolepis)  Canadensis,  Nov.  Sp. — Plastron 
nearly  flat.  Helmet  moderately  arched  above,  most  prominent  im- 
mediately behind  the  orbital  cavity  where  it  rises  into  a  ridge  or 
blunt  keel,  which  is  continued,  at  intervals,  with  greater  or  less 
distinctness,    along    the    median    line    of  the   buckler.    Buckler 
slightly  arched,  median  keel  strongest  in  the  center  of  the  dorso- 
median  plate,  and  in  the  posterior  half  of  the  post-dorsomedian. 
General  outline  of  the  helmet  and  buckler  combined  elliptic-ovate, 
their  united  lensth  being  nearly,  but  not  quite,  twice  the  maxi- 
mum breadth  of  the  buckler.     Dorsomedian  plate  large,  hexago- 
nal, apparently  rather  wider  than  long ;  its  upper  margin  slightly 
concave  on  both  sides  and  somewhat  pointed  in  the  middle,  its 
lower  margin  being  concave.  Orbital  cavity  situated  nearly  in  the 
center  of  the  helmet,  transversely  reniforra  or  bean-shaped  in  out- 
line, much  wider  than  high.     Upper  margin  of  the  orbital  cavity 
broadly,  regularly  and  very  shallowly  concave,  the  lower  being 
oon^pondingly  convex,  while   the  two   lateral  extremities  are 
symmetrically  and  rather  narrowly  rounded. 

Pectoral  spines  extending  nearly  to  the  posterior  end  of  the 
buckler,  thin  and  compressed  vertically;  moderately  broad  laterally 
where  they  are  articulated  to  the  ventre -lateral  plate,  and  widen- 
bg  to  about  their  mid-length,  where  they  exceed  the  breadth  at 
their  articulation  by  about  one  line.  From  this  widest  point 
the  breadth  of  the  spines  is  again  gradually  reduced  up  to  the 
jomt  separating  the  two  segments  oT  which  they  are  composed, 
from  whence  they  taper  gradually  to  an  acute  point.  The  two 
Kgments  are  divided,  nearly  transversely,  by  a  ball  and  socket 
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joint,  the  ball  being  in  the  anterior  and  the  socket  in  the  posterior 
or  terminal  segment.  The  anterior  end  of  each  spine  seems  also 
to  be  furnished  with  a  ball  and  socket  joint,  as  there  is  a  strongly 
inflected  cavity  in  the  ventro-lateral  plate  to  receive  the  anterior 
end  of  the  spine,  which  latter  terminates  in  a  rounded  protuber- 
ance. On  the  inner  and  outer  lateral  margin  of  the  pectorals 
there  is  a  single  row  of  crowded,  nearly  erect,  conical,  tooth-like, 
hollow  spines.  These  are  directed  towards  the  articulation  of  the 
spine  with  the  ventro-lateral  plate  up  to  about  the  mid-length  of 
the  anterior  segment,  and  from  thence  they  begin  to  point  towards 
the  posterior  termination  of  the  spine. 

Sculpture  of  the  helmet,  buckler,  plastron  and  pectoral  spineH 
very  closely  resembling  that  of  the  plates  of  Bothriolepis  orncUa, 
but  much  Sner  and  more  delicate. 

Montreal,  July  6,  1880. 


Abt.  XX. — A  new  Meteoric  Mineral  {Peckhamite),  and  some  addit^ 
tional  facta  m  connection  with  tlie  fall  of  Meteorites  in  Iowa,  Ma^ 
I0th,,1879  ;  by  J.  Lawrence  Smith,  Louisville,  Ky. 

The  mineral  now  named  Peckhamite  was  referred  to  in  a  for- 
mcr  paper  on  the  Emmet  Co.  Meteorite.*  Having  since  been  fur- 
nished  with  additional  material,  I  have  been  enabled  to  make  a 
more  positive  determination  as  to  its  distinctive  charaoters.    It 
is  decidedly  different  from  any  mineral  I  have  seen  associated 
with  meteorites.     In  two  or  tliree  specimens  it  projected  above 
the  outer  surface,  having  a  dingy  yellow  color  and  a  fuse4  sur- 
face.    When  broken  it  nas  a  greasy  aspect  with  a  more  or  less 
perfect  cleavage,  and  the  yellow  color  has  a  greenish  hue.    In 
structure  it  differs  widely  from  olivine,  as  may  be  seen  under 
the  microscope.     Not  being  furnished  with  the  proper  iostru 
ment,  I  have  not  been  able  to  study  all  its  optical  characters. 
Small  rounded  nodules,  several  millimeters  in  size,  are  fouad 
in  the  interior  of  the  mass,  sometimes  of  irregular  form,  from 
which  fragments  nearly  pure  can  be   detached.     Its  specific 
gravfty,  taken  with  about  300  milligrams  of  fragments,  is  8'2S. 

Chemical  analyses  from  two  specimens  gave : 

Oxygen  ratio 
1  2  from  No.  2. 

Silica  49-50  49-59  25-73 

Ferrous  oxide         15*88  17*01  3*77 

Magnesia  33*01  32-51  12*76 

98-29  '     99-11 

No.  1  was  made  with  100  milligrams  detached  by  myself ;  and 
No.  2  with  850,  sent  to  me  by  a  friend.  The  oxygen  ratio  gives 
very  closely  the  formula  5ift+i(SiSa)  or  perhaps  more  correctly 

*Thi8  Journal,  June,  1880. 
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sSiR  +  Sift,,  being  two  atoms  of  enstatite  or  broDzite  plus  one 
atom  of  olivine.  There  wan  a  slight  inaccuracy  in  the  state- 
ment of  the  formula  in  the  former  paper. 

I  have  thought  proper  to  call  the  mineral  Peckhamite  in 
honor  of  Professor  Peckham,  who  has  been  industrious  i^ 
collecting  the  minerals  of  our  Lake  region,  and  to  whom  I  am 
indebted  for  every  facility  in  prosecuting  my  researches  in 
connection  with  this  meteorite. 

In  a  supplementary  note  published  in  the  June  number  of 
this  Journal,  on  page  495,  I  nave  given  a  brief  account  of  the 
discovery,  near  the  border  of  Dickinson  County  (the  county 
west  of  Emmet)  and  about  five  or  six  miles  southwest  from 
where  the  larger  masses  fell,  of  evidence  that  the  fall  of  the  • 
meteorite  was  attended  by  a  shower  of  fragments,  as  of  hail- 
stones, falling  upon  the  water  of  a  lake  near  by.  The  search 
which  has  been  made  over  the  region  by  men,  women  and  chil- 
dren for  a  distance  of  eight  miles,  and  one  half  mile  in  width, 
has  resulted  in  the  collection  of  thousands  of  pieces  of  this  mete- 
orite from  the  size  of  a  pea  to  500  grams,  but  mostly  quite  small. 
The  number  found  has  been  estimated  at  5000,  weighing  in  all 
about  80  kilograms.  All  the  smaller  pieces  are  little  lumps 
of  nickeliferous  iron,  and  even  the  larger  ones  have  but  little 
stony  material  attached.  Those  familiar  with  the  numerous  small 
stones  that  were  collected  after  the  Pultusk  fall,  have  but  to 
imagine  these  stones  to  be  all  metal,  and  some  idea  may  be 
formed  of  what  these  fragments  are  like ;  they  are,  however, 
more  irregular  than  the  Pultusk  stones.  These  lumps  of  iron 
were  on  the  wet  prairie  for  nearly  one  year,  and  yet  they  are 
not  in  the  least  rusted,  many  parts  being  bright,  some  looking 
like  nuggets  of  platinum.  It  may  be  that  they  are  protected 
by  an  invisible  coat  of  melted  silicate. 

It  is  clear  that  the  rapid  passage  of  the  meteorite  through  the 
air  disintegrated  the  surface  very  rapidly,  pulverizing  the  stony 
part  completely  ;  and  the  nodules  of  iron  not  undergoing  this 
disintegration  fell  in  the  track  of  the  meteorite  for  many  miles, 
and  the  greater  number  of  them  will  never  be  found. 

I  must  state  that  we  are  indebted  to  Mr.  Charles  F.  Birge,  of 
Keokuk,  Iowa,  for  collecting  these  facts,  as  well  as  many  others 
in  connection  with  this  most  remarkable  meteoric  shower. 

In  conclusion,  I  would  state  that  this  last  discoveiy  enables 
as  to  fix  more  positively  the  direction  of  the  meteorite.  In 
former  descriptions,  including  ray  own,  the  course  of  tlie  mete- 
orite is  given  as  from  northwest  to  southeast  But  its  general 
direction  was  from  south-of-west  to  north-of-east ;  the  meteor- 
ite came  from  south  of  an  easterly  course  in  Davidson  County, 
and  going  north  of  that  line  in  Emmet  County,  dropped  the 
smaller  fragments  over  the  surface  of  the  latter. 
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Art.  XXI. — The  Earth  as  a  Conductor  of  Electricity  ;  by  John 

Trowbridge. 

^  The  Observatory  of  Harvard  University  transmits  time  sig- 
nals from  Cambridge  to  Boston,  a  distance  of  about  four  miles. 
The  regular  recurrence  of  the  beats  of  the  clock  affords  a  good 
means  of  studying  the  spreading  of  the  electrical  current  from 
the  terminal  of  the  battery,  which  is  grounded  at  the  observa- 
tory; and  the  establishment  of  the  Telephone  Dispatch  Com- 
panies in  Cambridge,  with  their  various  ground  connections, 
gave  me  a  means  of  studying  this  spreading.     In  all  the  tele- 

E hone  circuits  between  Boston  and  Cambridge,  in  the  neighbor- 
ood  of  the  direct  line  between  these  places,  the  ticking  of  the 
observatory  clock  could  be  heard.  The  ticking  heard  in  the 
telephones  at  the  various  stations  has  been  attributed  to  the 
proximity  of  the  telephone  circuit  wires  to  the  time  wires  from 
the  observatory.  This  is  evidently  an  erroneous  conclusion,  as 
will  be  evident  from  a  short  mathematical  consideration  : 

The  expression  for  the  induction  produced  in  one  wire  by 
making  and  breaking  a  current  in  a  parallel  wire,  is 

in  which  y,  represents  the  induced  current,  R,  the  resistance  of 
the  circuit  which  conveys  this  induced  current,  M  the  coeffi- 
cient of  induction  between  the  parallel  circuits,  and  y^  the  cur- 
rent in  the  primary  circuit ;  tne  interruption  of  which  pro- 
duces the  induced  currents.     Now  M=// ,  in  which  ds 

and  ds'  are  elements  of  the  parallel  wires,  and  r  is  the  perpen- 
dicular distance  between  them.     The  value  of  M  in   the  case 

R  * 

we  are  considering  is  M=— ^,  in  which  R,  represents  the  length 

of  the  parallel  wires  along  which  the  induction  takes  place  and 
r  is  the  distance  between  the  wires. 

ft* 

We  shall  therefore  have  R,y,=±— ^^i,  eq.  (1).     Now  the 

electromotive  force  in  the  induced  current  y,  is  very  much 
greater  than  that  of  the  inducing  current  y^,  and  in  order  that 
the  current  strength  y,  should  be  able  to  develop  even  a 
small  electro  magnetic  effect  in  the  receiving  telephone,  the  co- 
efficient of  induction  must  be  increased,  or  the  distance  ftlong 
which  the  conductors  are  parallel,  the  distance  between  them 
remaining  the  same.  An  arithmetical  consideration  of  eq.  (1) 
will  convmce  one  that  with  telephones  of  the  resistance  usually 
employed,  no  inductive  effect  will  be  perceived -by  the  employ- 

*  Maxwell's  Electricity  and  Kagnotisia,  vol.  ii,  p.  209. 
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ment  of  even  ten-quart  Bunsen  cells  between  wires  which  run 
parallel  to  each  otner  a  foot  apart  for  the  distance  of  thirty  or 
forty  feet     In  order  to  detect  an  inductive  effect  under  these 
conditions,  a  telephone  of   three  or  four    units  of   resistance 
must  be  employea.     The  ordinary  Bell  Telephone  has  a  resist- 
ance from  thirty  to  sixty  units.     For  still  stronger  reasons  it  is 
impossible  to  hear  telephonic  messages  by  induction  from  one 
wire  to  another,  unless  the  two  wires  between  which  induction 
is  produced  run  parallel  to  each  and  very  near  to  each  other  a 
long  distance.     This  distance  generally  exceeds  the  distance 
at  which  the  ordinary  Bell  Telephone  ceases  to  transmit  articu- 
late speech.     The  effects  which  have  usually  been  attributed 
to  induction  on  telephone  circuits  are  due  to  the  earth  con- 
nections and  to  imperfect  insulation.     There  would   be   no 
trouble  from  induction  if  telephone  wires  were  enclosed  in  a 
cable ;  for  a  consideration  of  eq.  (1)  will  make  it  evident  that 
the  telephonic  message  transmitted  over  one  wire  would  have 
no  practical  effect  upon  the  neighboring  wires  enclosed  with  it. 
Since  the  transmission  of  the  time  signal  service  of  Har- 
vard College  Observatory  through  all  tUe  telephone  circuits 
in  Boston  and  Cambridge  is  evidently  not  due  to  induction, 
but  to  tapping,  so  to  speak,  the  earth  at  points  which  are  not 
at  the  same  potential,  it  was  an  interesting  question  to  study 
the  extent  of  the  equipotential  surfaces  formed  by  the  ground 
of  the  time  signal  service  circuit  at  Cambridge  and  in  Boston. 
I  speedily  discovered  that  the  time  signals  could  be  easily 
heard  in  a  field  an  eighth  of  a  mile  from  the  observatory, 
where  one  ground  of  the  time  circuit  is  located.     The  method 
of  exploration  was  to  run  a  wire  five  or  six  hundred  feet,  to 
ground  it  at  its  two  ends  in  moist  earth,  and  to  include  a  tele- 
phone of  fifty  or  sixty  ohms  resistance  in  the  circuit.  On  complet- 
ing the  circuit  through  the  telephone  and  the  ground,  the  evi- 
dence of  an  electrical  current  was  plainly  apparent  from  the  tick- 
ing which  the  making  and  breaking  of  the  circuit  produced  in 
the  telephone ;  and  the  time  signals  of  the  observatory  clock  were 
distinctly  heard.     At  the  distance  of  a  mile  from  the  observa- 
tory and  not  in  the  direct  line  between  the  observatory  and  the 
Boston  office,  the  time  signals  were  obtained  by  tapping  the 
earth  at  points  only  fifty  feet  apart.     At  a  distance  of  five  hun- 
dred feet  directly  behind  the  observatory,  no  points  five  hun- 
dred feet  apart  could  be  found  which  were  not  practically  at 
the  same  potential.     The  survey  was  carried  to  a  distance  of  a 
mile  behind  the  observatory  ground,    with    negative   results. 
At  points  one  mile  from  the  central  line  between  the  observa- 
tory and  the  Boston  oflSce,  the  time  signals  could  not  be  heard 
on  the  trial  wire  of  six  hundred  feet.     This  was  to  be  expected, 
since  the  trial  wire  should  have  its  length  increased  as  the  dis- 
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tance  from  the  grounds  of  the  battery  increases,  in  order  to  per- 
mit of  one  end  of  the  wire  touching  a  point  of  higher  potential 
than  the  other. 

The  theoretical  possibility  of  telegraphing  across  the  Atlan- 
tic without  a  cable  is  evident  from  this  survey  which  I  have 
undertaken.     The  practical  possibility  is  another  question. 

At  no  point  in  our  survey  did  we  find  an  absence  of  earth 
currents.     The  peculiar  crackling  noises  heard  in  telephoDcs 
are  due  to  earth  currents  and  not  to  fluctuations  in  the  batteries 
employed  on  telephone  circuits ;  for  they  were  characteristic  of 
the  circuits  employed  by  us  in  which  the  earth  was  used  as  a 
part  of  the  circuit,  and  were  absent  when  a  batterv  circuit  was 
closed  without  the  intervention  of  the  earth.     The  tick  pro- 
duced in   the  exploring  telephone,  whenever  the  circuit  was 
closed,  through  the  ground  was  due  to  earth  currents  and  not 
to  polarization  between  the  copper  wire  and  the  moisture  of  the 
ground,  for  it  was  many  hundred  times  stronger  than  the  polar- 
ization effect  produced  by  dipping  the  copper  terminals  of  the 
telephone  wire  in  acidulated  water.     This  crackling  noise  pro- 
duced by  the  earth  currents  in  a  telephone  is  a  curious  phe- 
nomenon, and  shows  that  the  earth  currents  have  a  rapidlj 
intermittent  character,  which  escapes  observation  by  any  other 
instrument  than  the  telephone.     A  delicate  electro-dynamome- 
ter, for  the  registration  and  observation  of  these  intermittent 
earth  currents,  is  much  to  be  desired.     In  some  cases  the  pul- 
satory effect  of  these  earth  currents  was  very  marked.     At  no 
point  which  we  explored,  were  evidences  of  earth   currents 
absent.     They  seemed  to  be  more  pronounced   along  water 
courses. 

In  a  discussion  of  the  earth  as  a  conductor,  Steinheil  says: 
"We  cannot  conjure  up  gnomes  at  will,  to  convey  our 
thoughts  through  the  earth.  Nature  has  prevented  this.  The 
spreading  of  the  galvanic  effect  is  proportional  not  to  the  dis- 
tance from  the  point  of  excitation,  but  to  the  square  of  this 
distance ;  so  that  at  the  distance  of  fifty  meters  only  exceed- 
ingly small  effects  can  be  produced  by  the  most  powerful  elec- 
trical effects  at  the  point  oi  excitation.  Had  we  means  which 
could  stand  in  the  same  relation  to  electricity  that  the  eye 
stands  to  light,  nothing  would  prevent  our  telegraphing  through 
the  earth  without  telegraph  conductors.  But  it  is  not  proba- 
ble that  we  shall  ever  attain  this  end."* 

Theoretically,  however,  it  is  possible  to-day  to  telegraph  ■ 
across  the  Atlantic  Ocean  without  a  cable.  Powerful  dynamo-  \ 
electric  machines  could  be  placed  at  some  point  in  Nova  Sco-  ^ 
tia,  having  one  end  of  their  circuit  grounded  near  them  and 
the  other  end  grounded  in  Florida,  the  conducting  wire  con- 

*  Die  AnwenduDg  des  Elektromagnetismus,  p.  172,  2d  e^  1873. 
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ang  of  a  wire  of  great  conductivity  and  carefully  insulated 
m  the  earth,  except  at  the  two  grounda  By  exploring  the 
ust  of  France,  two  points  on  two  sarface  lines  not  at  the  same 
tential  could  be  found ;  and  by  means  of  a  telephone  of  low 
istance,  the  Morse  signals  sent  from  Nova  Scotia  to  Florida 
lid  be  heard  in  France.  Theoretically  this  is  possible;  but 
iccically,  with  the  light  of  our  present  knowledge,  the  expen- 
;ure  of  energy  on  the  dynamo-electric  engines  would  seem  to 
enormous. 
The  points  made  in  this  paper  are  as  follows: 

1.  Disturbances  in  telepnonic  circuits  usually  attributed  to 
ects  of  induction  are,  in  general,  due  to  contiguous  grounds 
battery  circuits.     A  return  wire  is  the  only  way  to  obviate 

ese  disturbances. 

2.  The  well-defined  equipotential  surfaces  in  the  neighbor- 
)od  of  battery  grounds  shows  the  theoretical  possibility  of 
legraphing  across  large  bodies  of  water  without  the  employ- 
ent  of  a  cable,  and  leads  us  to  greatly  extend  the  practical 
nit  set  by  Steinheil. 

8.  Earth  currents  have  an  intermittent  character,  with  peri- 
ls of  maxima  and  minima  which  may  occur  several  times 
minute  during  the  entire  day.  This  intermittent  character  is 
ildom  absent. 

Phjrsic&l  Laboratory,  Harvard  University. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1,  On  Chemical  Curves  as  Lecture-Ilhistraiions, — The  grow- 
ig  importance  of  chemical  dynamics  renders  it  very  desirable  to 
36  the  graphical  method  in  class  instruction.  In  order  to  make 
ear  the  significance  of  these  curves,  especially  to  those  who 
rasp  graphic  methods  difficultly,  Mills  has  contrived  an  appa- 
itos  for  lecture  use  in  which  a  chemical  process  constructs  its  own 
irve  under  the  eyes  of  the  observer.  It  consists  of  a  series  of 
lass  cylinders,  filled  with  water  and  inverted  each  in  a  circular 
lass  trough,  also  containing  water.  Behind  these  cylinders  is  a 
)iTe8pondinff  series  of  glass  tubulated  retorts,  of  100  c.  c.  capac- 
y,  each  beak  opening  beneath  the  mouth  of  a  cylinder.  Provis- 
n  is  made  for  leading  off  the  overflowed  water.  The  frame  of 
e  author's  apparatus  is  289  cm.  long  and  51  high,  the  capacity 
each  cylinder  being  about  270  c.  c.  To  show  the  effect  of  dilii- 
m  upon  the  action  of  hydrogen  sulphate  upon  zinc,  the  sheet 
?tal  0-55  mm.  thick  was  cut  mto  pieces  14  mm.  square  exactly, 
d  rolled  into  a  cylinder.  The  sulphuric  acid,  of  specific  gravity 
(48,  was  diluted  to  strengths  varying  progressively  by  3  per 
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cent  in  volume  and  50  c.  o.  of  each  portion  was  placed  in  each 
retort  in  order.  The  retorts  and  the  pieces  of  zinc  most  be  care- 
fully cleansed.  The  experiment  may  be  conducted  to  give  either 
the  effect  of  mass  of  the  acid,  or  of  the  time  of  contact ;  yielding 
in  the  fii*st  place  a  quantity-curve  and  in  the  second  a  time-curve; 
the  quantity  of  hydrogen  gas  collected  in  the  successive  cylinders 
giving  the  required  curve,  the  height  of  the  water  column  being 
the  ordinate  m  each  case.  The  time-curve  is  but  a  single  curve, 
usually  of  a  logarithmic  form.  The  quantity-curve  has  points  of 
inflection  and  consists  generally  of  one  or  more  consecutive  hyper- 
bolas, showing  (1)  that  the  progress  of  the  reaction  is  not  propo^ 
tional  to  the  acid-strength ;  (2)  that  there  is  a  maximum  with  27 
per  cent  H,SO^,  a  minimum  with  33  per  cent  and  a  second  maxi- 
mum with  36  per  cent ;  very  weak  and  very  strong  solutions  being 
without  effect;  (3)  that  the  effect  of  weakening  the  solution  is 
more  rapid  than  an  equal  strengthening  of  it ;  (4)  that  the  entire 
process  is  accomplished  in  three  stages  represented  by  three 
curves;  and  (5)  that,  if  the  weight  of  zinc  has  been  such  as  . 
exactly  to  fill  the  cylinder  with  hydrogen,  the  water  remaining 
represents  the  remaining  chemical  energy  of  the  zinc.  By  the 
simultaneous  use  of  blackboard  or  lantern  curves  exactly  drawn 
the  significance  of  the  method  may  be  clearly  proved.  For  the 
time-curve,  the  author  prefers  the  action  of  acid  on  zinc  and  for  i 
the  quantity-curve  of  the  action  of  sodium  hydrate  upon  aluminam. 
— J.  Chem,  Soc,  xxxvii,  453,  June,  1880.  G.  F.  b. 

2.    On  the  Estimation  of  Zinc  and  Zinc-dust — Beilstbin  and 
Jawkin  have  suggested  a  new  and  simple  apparatus  for  the  dete^ 
mination  of  the  purity   of  zinc  and  zinc-dust  by  means  of  the 
hydrogen  which  they  evolve  by  the  action  of  acids.     The  sample  ■ 
to  be  examined  is  weighed  into  a  tube  which  is  then  placed  in  a 
glasH  bottle.     Hydrochloric  acid  of  specific  gravity  1*10  is  then 
poured  in  beneath  the  tube  in  the  proportion  of  lie.  c.  to  one 
gram  of  zinc,  and  the  mouth  of  the  bottle  is  closed  with  a  rubber  : 
cork  through  which  passes  a  delivery  tube.     To  this  a  rubber  tube 
is  attached  connecting  it  with  a  similar  tube  just  passing  through 
the   cork   of  a  larger  bottle   of  two   liters   or  more   capacity. . 
Through  a  second  hole  in  this  letter  cork  passes  another  tube 
nearly  to  the  bottom  of  the  bottle,  this  tube  being  divided  into 
cubic  centimeters,  and  its  upper  and  outer  end  being  turned  over  a 
so  as  to  deliver  the  water  clear  of  the  bottle.     At  the  bottom  of  i^ 
the  large  bottle  is  an  opening  by  which  the  water  may  be  drawn  \ 
off.     Both  bottles  are  placed  in  water  to  keep  them  cool    The    ' 
large  bottle  being  filled  with  water  and  the  corks  inserted  in  both  -i 
bottles,  the  level  of  the  water  within  and  without  the  graduated  t 
tube  is  made  the  same,  and  then  the  acid  is  brought  into  contact  : 
with  the  zinc  by  inclining  the  small  bottle.     Immediately  the  \ 
hydrogen  evolved  forces,  the  water  out  of  the  large  bottle  through 
the  graduated  tube,  into  a  tared  flask  in  which  it  is  collected, 
together  with  the  water  drawn  off  from  below  in  order  to  make  : 
again  the  level  the  same  within  and  without  the  graduated  tub& 


Chemisiry  and  Physics,  143 

The  barometer  is  now  noted,  the  temperature  of  the  water  sur- 
Tonnding  the  receiving-bottle  is  observed  and  the  overflowed 
water  is  weighed.  The  water  contained  in  the  graduated  tube 
between  its  first  and  second  level,  must  be  subtracted  from  that 
collected  in  the  flask.  A  sample  of  commercial  zinc  which  gave 
99*80  per  cent  zinc  by  Fresenius's  method,  gave  99*89  per  cent  by 
this,  A  lot  of  ancHclust  which  gave  by  this  method  80-69  per 
cent  of  zinc,  yielded  80*1 0  by  the  method  of  Fresenius. — JBer,  JBerL 
Chem.  Oes.j  ziii,  947,  May,  1880.  6.  f.  a 

3.    On  a  Reflection  Cuprimeter. — Bayley  showed  in  1878  that 
the  light  transmitted  by  dilute  solutions  of  cupric  salts  is  deficient 
in  those  rays  which  the  spectrum  of  light  reflected  from  metallic 
copper  has  in  excess,  and  hence  that  if  we  look  at  a  copper  sur- 
face through  a  sufficient  thickness  of  copper  sulphate   solution, 
the  metal  appears  silver  white,  the  solution  absorbing  the  exces- 
sive rays  which  make  the  copper  red.     He  has  now  perfected  an 
instrument  for  the  estimation  of  copper,  founded  upon  this  prin- 
ciple, which  he  calls  a  reflection-cuprimeter.     A  copper  mirror 
movable  about  a  horizontal  axis  reflects  the  direct  light  of  the  sky 
vertically  upward  through  two  tubes  of  glass  closed  at  bottom 
by  glass  plates  and  havmg  at  top  convex  lenses  by  which  the 
light  is  concentrated  upon  two  paper  discs  made  translucent  by 
glycerin.     The  whole  is  surrounded  by  a  wooden  case  to  shut  out 
I      extraneous  light.     By  means  of  lateral  openings  near  the  lower 
ends  of  the  tubes,  these  are  put  in  ccftnmunication  with  reservoirs, 
one  containing  a  standard  solution  of  copper,  the  other  the  solu- 
tion to  be  tested.     The  former  is  made  by  dissolving  one  gram  of 
pore  copper  in  nitric  acid,  adding  a  slight  excess  of  sulphurous 
add  and  diluting  to  a  liter  at  16°  C.     Covering  one-half  the  mir- 
'or  with  silver,  the  other  half  was  looked  at  through  a  varying 
<Jepth  of  the  solution  until  both  disks  were  equally  white.     The 
length  of  the  column  required  was  then  noted,  the  tubes  being 
^i^uated  for  this  purpose.     In  the  author's  instrument  it  was 
®*€1  cm.     Since  the  length  of  the  column  required  to  produce 
^iite  light  is  inversely  as  the  quantity  of  copper  present  and 
^^nce  a  solution  of  copper  containing  O'l  per  cent  required  a  length 
5^^8*01  cnL,  a  solution  of  copper  containmg  100  per  cent  of  metal, 
^    e.,  pure  copper,  would  require  a  thickness  of  0  0801  mm.     This 
^^^ngth  the  author  calls  a  "cuper;"  and  hence  1000  cupers  of  the 
^^tandard  solution  produces  a  white  disc  and  this  solution  repre- 
^^nts  copper  1000  times  diluted.     If  c  is  the  number  of  cupers 
^liick  the  solution  is  when  the  disc  is  white,  c  will  also  represent 
^lie  volume  of  liquid  in  c.  c.  which  contains  one  gram  of  copper 

^nd  the  amount  of  copper  in  grams  contained  in  one  liter  of 

c 

^lution.     With  a  solution  containing  0*80 1  gram  of  copper  per 

liter  six  readings  of  the  cuprimeter  gave  -806,  -803,  -800,  -793,  -793 

Bkiid  '813;  or  "803  as  a  mean.     Iron,  m  the  ferrous  condition,  is  not 

L       injurious.     The  substance  to  be  analyzed,  in  such  quantity  as  is 

m      BTipposed  to  give  a  gram  of  copper,  is  dissolved  in  nitric  acid, 
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treated  with  snlphurous  acid  in  exceRs,  boiled,  cooled,  made  up  to  a 
liter,  and  examined  in  the  cuprimeter.— «/;  Ohem.  Soc.^  xxzvii, 
418,  June,  1880.  o.  p.  a 

4,  On  a  Method  of  producing  Acetal, — In  the  hope  of  prodoo* 
ing  in  larger  quantity,  a  crystalline  substance  which  they  hi^ 
observed,  Enoel  and  De  Girabd  dissolved  aldehyde  in  about  its 
own  volume  of  absolute  alcohol  and  passed  into  it  a  current  of 
hydrogen  phosphide  gas  for  three  days,  the  mixture  being  at  first 
cooled  to — 40  ,  then  to — 21*.  No  crystals  were  formed;  bat 
on  adding  water  a  liquid  separated,  which  gave  on  fractioning  a 
liquid  boiling  at  104°,  having  an  ethereal  odor,  a  specific  ffravity 
of  0*829  at  13°,  and  a  vapor  density  of  4*3.  Moreover,  it  pos- 
sessed in  other  respects  the  characters  of  acetal.  The  yield  is 
considerable.  The  authors  are  now  investigating  the  conditioiis 
of  maximum  production. — Bull,  Soc.  Ch.,  11,  xxxiii,  457,  May, 
1880.  o.  F.  a 

6.  On  Phlobaphen  and  Oak-red,  and  their  Relation  to  Tarn- 
nin, — BSttingeb  has  proved  that,  under  the  influence  of  sulphn* 
ric  acid,  quercitannin  splits  into  susar  and  oak-red,  and  that  this 
latter  body  is  identical  with  the  phlobaphen  of  St&helin  and  Hot 
stetter.  To  prepare  phlobaphen  22  kilos,  of  oak  tan  was  extracted, 
first  with  ether  to  remove  fat,  wax,  chlorophyll  and  gallic  aoid^ 
then  with  alcohol.  The  clear  brown  solution  was  evaporated  oi 
the  water-bath,  and  left  a  semi-solid  mass  having  a  strong  odor  of 
tan.  After  a  second  extraction  with  ether,  the  lumpy  residus 
consisted  essentially  of  two  constituents — tannin,  soluble  in  water 
and  phlobaphen,  insoluble  in  it.  Their  complete  separation  was 
extremely  difficult,  however,  owing  to  the  fact  that  the  latter  is 
soluble  in  a  solution  of  tannin.  By  repeated  extractions  with 
water  or  alcohol,  both  of  Uiese  bodies  were  finally  obtained  pure. 
The  quercitannin,  treated  in  concentrated  solution  with  cold  culnto 
sulphuric  acid,  becomes  a  thick  mass  which  liquefies  on  gentb 
heating.  At  higher  temperatures  decomposition  takes  place,  i 
compact  brownish  mass  of  oak-red  is  deposited  and  sugar  remains 
in  solution.  Oak-red  and  phlobaphen  are  identical  in  their  physi* 
cal  properties  and  in  their  behavior  to  oxidizing  agents,  sine  dii8% 
fused  potash,  acetic  oxide,  benzoyl  chloride,  fuming  hydrochloric 
acid,  etc.  As  purified  it  is  a  reddish-brown  powder,  extremely  in- 
soluble in  the  ordinary  solvents,  but  soluble  in  a  tannin  solution. 
It  is  blackened  by  ferric  chloride,  oxidized  readily  to  carbon  diox- 
ide and  water,  gives  no  result  on  boiling  or  heating  with  rine- 
dust,  gives  protocatechuric  acid  when  fused  with  potash,  and 
aflbrds  the  formula  C,^H,^0^.  Acetic  oxide  produces  a  triacetft 
derivative,  benzoyl  chloride  a  tribenzoyl  compound.  By  tM 
action  of  fuming  hydrochloric  acid  carbon  dioxide  and  water  sep^- 
arate,  and  a  brilliant  black  body  results  apparently  identical  wift 
that  obtained  by  similar  treatment  from  pvrogallol.  The  author' 
concludes  that  while  quercitannin  and  phlobaphen  both  act  eft* 
ciently  in  the  tanning  process,  yet  that  it  is  to  the  latter  substane^ 
that  the  peculiar  result  is  essentially  due. — Liebig  Ann^,  ocii,  260| 
May,  1880.  a.  f.  a 
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0.  On  the  Occurrence  of  Olohulin  in  Potatoes. — Z5llbb  has 
called  attention  to  the  existence  in  potatoes  of  one  of  the  albu- 
minoid substances  called  globulins  by  Hoppe  Seyler.  The  finely 
divided  potatoes  are  rapidly  washed  free  nrom  starch  and  soluble 
matters,  the  pulp  is  pressed,  and  treated  with  a  ten  per  cent  solu- 
tion of  common  salt.  In  the  solution,  made  neutral  with  a  few 
drops  of  a  one  per  cent  solution  of  NagCO,,  a  lump  of  rock  salt  is 
hung,  and  the  globulin  separates  in  white  flocks.  It  contains 
14*2  per  cent  of  nitrogen  and  its  properties  prove  it  to  be  quite 
similar  to  one  of  the  myosins  of  muscular  tissue. — Ber.  Berl. 
Chem.  Oes.^  xiii,  1064,  June,  1880.  g.  f.  b. 

7.    On  the  behavior  of  Carbonic  Acid  in  relation  to  Pressure^ 
Volume  and  Temperature. — Professor  R.  CiJiusius  discusses  the 
bearing  of  recent  observations  upon  the  departure  of  gases  from 
the  law  of  Marriotte  and  Gay  Lussac,  and   advances  a  theory 
to  acooant  for  these  departures  of  a  gas  from  the  perfect  state. 
In   a  perfect   easeous  state  the  molecules   rush    together  and 
separate  completely  after  the  collision.     When  the  gas  is  con- 
densed to  a  liquid  the  molecules  are  generally  held  together  by 
their  mataal  attraction,  and  separate  only  under  certain  favorable 
conditions.     Between  these  extreme  conditions  one  can  imagine 
an  intermediate  state  in  which  the  molecules  do  not  completely 
separate,  but  oscillate  about  one  another  while  moving  onward  as 
a  whole  until  they  are  separated  by  further  collisions.     The  num- 
ber of  these  pairs  of  attached  molecules  would  be  greater  the 
lower  the  temperature,  and  hence  the  less  the  mean  vis  viva  of 
the  motion  ;  on  a  further  fall  of  temperature  more  than  two  mole- 
QnleB  might  collect  together  and  execute  the  progressive  move- 
Hient  in  common.     On  the  above  assumption  the  mean  strength  of 
^he  mutual  attraction  of  the  molecules  would  be  increased  since 
t;lie  united  molecules  on  account  of  their  greater  nearness  would 
^Utraot  each  other  more  strongly.     "  Hence  it  would  not  be  allow- 
^Me  to  regard  the  quantity  which  represents  in  the  formula  the 
9nuiucU  attraction  of  the  molecules  as  independent  of  the  tempera- 
^vrej  but  one  tooyla  be  obliged  to  admit  that  it  becomes  greater 
^mth  faUing  temperature.^''    Clausius  gives  a  formula  which  em- 
\>odiee  the  above  ideas  and  finds  a  satisfactory  agreement  between 
the  values  calculated  from  the  formula  and  those  obtained  by  ex- 
periment.    At  the  close  of  his  paper  Clausius  discusses  the  pres- 
sure curve  given  by  Andrews  and  James  Thomson  for  the  tem- 
perature 13^*1,  and  discovers  a  reversible  cyclical  process,  and 
states  **  that  when  the  theoretical  pressure-curve  corresponding  to 
the  homogeneous  state  is  given,  the  position  of  the  horizontal 
straight  line  answering  to  the  actualprocesses  of  vaporization  and 
eondensation  is  also  determined.     The  point  made  by  Clausius 
has  an  important  bearing  upon  the  subject  of  thermodynamics 
and  can  be  fully  understood  only  by  reference  to  his  diagrams. — 
Wied.  Ann.^  vol  ix,  p.  337,  1880;  Phil  Mag.^  vol  Iviii,  p.  393, 
June,  1880.  J.  x. 

-8.  Ken^s  acperiments  on  the  relation  between  Light  and  Elec- 
tricity.— H.  W.  C.  RoNTGEN  repeats  the  experiments  of  Dr.  Kerr 

Am.  Joub.  8oi.~Thibd  Ssbiss,  Vol.  XX,  No,  116.— Aug.,  1880. 
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with  more  perfect  apparatus  than  that  used  by  the  latter  and  em- 
ploys Nichols'  prisms,  which  gave  a  much  larger  field  than  those 
used  by  Dr.  Kerr.  The  results  of  the  latter  are  confirmed  and 
amplified.  Glycerine,  sulphuric  ether  and  distilled  water  show  an 
influence  of  electricity  upon  the  light  transmitted  through  them. 
Some  interesting  diagrams  are  given  which  show  the  app^ranoe 
presented  when  the  liquid  under  examination  is  experimented 
upon.  The  liquid  was  also  set  in  movement  and  the  author  states 
that  the  movement  of  the  particles  of  the  fluid  have  a  marked 
influence  upon  the  conditions  of  the  directions  of  the  vibrations 
of  the  light. —  Wied,  Ann.y  No.  6,  p.  77,  1880.  J.  t. 

9.   ContHhutions  to  Molecular  Physics  in  High  Vixcua, — In  a 
paper  which  is  a  continuation  of  the  Bakerian  Lecture  on  the 
illumination  of  lines  of  molecular  pressure,  read  before  the  Royal 
Society,  December  6,  1878,  Mr.  Cbookes  describes  some  new  and 
remarkable  experiments  which  confirm  the  theory  that  the  phe- 
nomena described  by  him  are  due  to  the  repulsion  of  the  mole- 
cules of  the  residual  gases  after  they  had  obtained  a  n^ative 
charge  by  striking  upon  the  negative  pole.     The  negative  pole 
not  only  gives  the  initial  charge  but  continues  to  act  upon  the 
molecules  and  causes  them  to  move  with  an  accelerating  velocity. 
It  is  shoWn  that  an  idle  pole  placed  between  the  points  of  dis- 
charge in  the  exhausted  tube  is  charged  positively  by  the  impact:- 
of  the  molecules  driven  from  the  negative  pole.     In  order  to 
prove  that  the  action  between  two  streams  of  molecules  is  dne  to 
the  mutual  repulsion  between  the  electrified  molecules  and  not  to 
the  electrical  action  between  the  electrical  current  carried  by  the 
molecules,  an  exhausted  tube  was  provided  with  two  negative 
poles  and  one  positive  pola     The  two  molecular  streams,  instead 
of  converging  strongly  upon  the  positive  pole  under  the  influence 
of  the  mutual  attractions  of  the  electrical  currents,  diverge  under 
the  influence   of    the    molecular    repulsions.      Experiments  are 
described  which  prove  that  external  magnetic  influences  act  upon 
the  electrified  molecules  diflerently  in  low  exhaustions  and  high 
exhaustions.     The  magnetic  rotations  are  fainter  in  low  vacua 
and  depend  as  much  upon  the  direction  of  the  induction  spark  as 
upon  the  pole  of  the  magnet  presented  to  the  discharge. 

The  phosphorescent  elects  of  the  molecular  impacts  constitute 
the  most  beautiful  efiects  obtained  by  Mr.  Crookes.  The  molecu- 
lar rays  in  high  vacua  possess  remarkable  powers  of  cansiDg 
bodies  upon  which  they  fall  to  phosphoresce.  A  deadening  effect 
produced  upon  glass  by  long  continued  phosphorescence  is  con- 
firmed by  various  experiments.  The  image  of  a  cross  was  sten- 
cilled by  phosphorescence  on  the  end  of  a  large  bulb  and  the 
bulb  was  afterward  melted  and  drawn  out  at  the  end  and  after- 
ward blown  again  into  shape.  The  cross  which  had  produced 
the  image  was  displaced,  and  on  passing  a  discharge  through  the 
bulb  the  ghost  of  the  first  image  reappeared,  showing  that  it  ha^ 
survived  the  melting  of  the  glass. — Nature^  June  3  and  June  10.^ 
1880.  J.  T. 
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10.  On  ike  law  of  fatigue  in  the  work  done  by  men  or  animals. 
-The  Rev.  Dr.  Haughton,  of  Trinity  College,  Dublin,  has  recently 
ron^bt  to  a  concluBion  a  series  of  papers  on  Animal  Mechanics 
nblisbed  in  the  Proceedings  of  the  Koyal  Society.  The  ninth  of 
1606  papers  was  appointed  the  Croonian  Lecture  for  the  present 
emr,  and  the  tenth  paper  closes  the  series. 

The  most  important  subject  involved  in  these  papers  is  the 
cperimental  determination  of  the  law  that  regulates  fatigue  in 
ten  apd  animals,  when  work  is  done,  so  as  to  bring  on  fatigue. 

Many  writers,  such  as  Bougeur,  Euler,  and  others,  have  laid 
i>wn  mathematical  formulae,  connecting  the  force  overcome  with 
le  velocity  of  the  movement ;  but  these  theoretical  speculations 
ave  never  received  the  assent  of  practical  engineers. 

Ventaroli  points  a  method  of  observations  and  experiments 
'bich  would  serve  to  determine  the  form  of  the  function  which 
qpresses  the  force  in  terms  of  the  velocity,  after  which  a  few 
iiefully  planned  experiments  would  determine  the  constant 
lefficients;  and  he  adds  that  *'  such  a  discovery  would  be  of  the 
reatest  usefulness  to  the  science  of  mechanics,  upon  which  it 
ependa,  how  to  employ,  to  the  greatest  possible  advantage,  the 
m^  of  animal  agents.'' 

Dr.  Haughton  believes  that  he  has  found  the  proper  form  of 
Ills  function,  by  means  of  experiments,  and  sums  it  up  in  what  he 
ftDs  the  Law  of  FaHgue^  which  he  thus  expresses: — 

Tfu  product  of  the  total  work  done  by  the  rate  of  work  is  con- 
)anty  at  the  time  when  fatigue  stops  the  work. 

If  W  denote  the  total  work  done,  the  law  of  fatigue  gives  us — 

yv  -TT  =  const. 
dt , 

►r  —^  =  const.  (1) 

The  experiments  made  by  Dr.  Haughton  from  1876  to  1880 
xmsisted  chiefly  in  lifting  or  holding  various  weights  by  means 
)f  the  arms ;  the  law  of  fatigue  giving,  in  each  case,  an  appropri- 
ate equation,  with  which  the  results  of  the  experiments  were 
compared.  When  the  experiments  consisted  in  raising  weights 
m  the  outstretched  arms,  at  fixed  rates,  the  law  of  fatigue  gave 
;he  following  expression — 

{w  +  a)"w  =  A  (2) 

irbere  w,  n,  are  the  weight  held  in  the  hand,  and  the  number  of 
ames  it  is  lifted,  -4  is  a  constant  to  be  determined  by  experiment, 
md  a  another  constant  depending  on  the  weight  of  the  limb  and 
to  appendages. 

The  equation  (2)  represents  a  cubical  hyperbola. 

The  useful  v>ork  done  is  represented  by  the  equation — 

A  w 
{w  +  ay  (3) 

iiA  denotes  a  cuspidal  cubic,  and  the  useful  work  is  a  maximum, 
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when  1^  =  a,  or  the  weight  used  is  equal  to  the  constant  depenc 
ing  on  the  weight  of  the  limb  and  its  appendages. 

When  the  weights  were  lowered  as  well  as  raised  at  fixed  rates, 
and  no  rest  at  all  permitted,  the  law  of  fatigue  became — 

!^<i4^  =  ^  (4) 

where  n,  t^  are  the  number  and  time  of  lift,  -4  is  a  constant 
depending  on  experiment,  and  y6?  is  a  constant  involving  the  time 
of  lift  (r\  at  which  the  mcfodmum  work  is  done. 

Equation  (4)  denotes  a  cuspidal  cubic. 

When  the  weights  are  held  on  the  palms  of  the  outstretched 
hands,  until  the  experiment  is  stopped  by  fatigue,  the  law  becomes— 

{w  +  ayt  z=A  (5) 

where  t  is  the  whole  time  of  holding  out. 

This  equation  denotes  a  cubical  hyperbola. 

The  Zaw  of  FcUigvs  seems,  in  itself,  probable  enough,  but  of 
course  its  real  value  depends  on  its  agreement  with  the  results  of 
experiment. 

If  W  denote  the  total  work  done  and  R  the  rate  of  work,  the 
law  becomes,  simply — 

TF  X  i?  =  const.  (6) 

If  different  limbs,  or  animals  were  used,  each  working  in  its  owd 
way,  and  under  its  own  conditions,  the  Law  of  Fatigne  would 
become — 

WE  =  W,E^  +  W^E^  +  TF;i2.  +  &c.  (7) 

and  the  problem  for  the  engineer  would  be,  so  to  arrange  the 
work  and  rate  of  work  of  each  agent  employed,  as  to  make  the 
useful  work  a  maximum,  the  work  both  useful  and  not  useful,  in 
all  its  parts,  remaining  subject  to  the  conditions  imposed  by 
equation  (7). 

In  using  equation  (5)  in  his  concluding  paper,  detailing  the 
results  of  experiments  made  on  Dr.  Alexander  Macalister,  Dr. 
Haughton  treats  a  as  an  unknown  quantity,  and  finds  from  all 
the  observations  its  most  probable  value  to  be — 

a  =  6-68  lbs. 

This  result  was  compared  with  that  of  direct  measurements  made 
on  Dr.  Macalister  himself,  and  indirect  measurements  made  on 
the  dead  subject,  from  all  of  which  Dr.  Haughton  concluded  the 
value  of  a  to  be — 

a  =:  5-56  lbs.  ±  0'126  (possible  error). 

This  result  agrees  closely  with  that  calculated  from  the  law  of 
fatigue. 

It  should  be  added  that  a  proposal  was  made  by  Dr.  Haughton 
to  Dr.  Macalister  to  make  the  experiment  conclusive  by  direct 
amputation  of  his   scapula,  a  course   which   he,   unreasonably,  . 
objected  to,  as  he  draws  the  line  of  "vivisection"  at  froga- 
JSaturey  zxii,  554. 
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Accderation  of  Gravity  at  Tokio^  Japan. — The  paper  by 
8.  Ayrton  and  Perry  on  a  "  Determination  of  the  Accelera- 
•f  Gravity  for  Tokio,  Japan,"  published  in  the  April  number 

Philosophical  Magazine  and  alluded  to  on  paee  1 80  of  this 
er,  has  been  severely  criticized  by  Major  Herschel  (L  c. 

1880,  p.  446).  A  reply  to  this  criticism  is  given  by  the 
rs  in  the  July  number  of  the  same  journal,  p.  43. 

Winchester  OhservcUory  of  Yale  College :  Circular  of  the 
logical  and  Themiometrical  Bureaus^  June,  1880. — ^These 
us  have  been  established  by  the  corporation  of  Yale  College, 
\  recommendation  of  the  Board  of  Managers  of  the  Winches- 
>servatory.  The  former  is  designed  to  encourage  the  higher 
3pment  of  the  horological  industries,  and  to  pursue  researches 
ated  to  aid  in  the  construction  of  refined  apparatus  for  the 
irement  of  time.  This  circular  gives  detailed  information 
!:ard  to  the  tests  to  which  time  pieces  are  subjected ;  the 
Uions  of  the  distribution  of  the  time  service  from  the 
ratory,  a  list  of  the  standard  instruments  employed  in  rating 
pieces,  and  those  used  in  testing  thermometers.  Watches 
hronometers  are  submitted  to  ^ell  considered  tests  during 
tig  times,  and  certificates  are  given  which  embody  the 
Tnances  of  the  time  pieces  and  the  conditions  of  the  tests, 
e  work  of  the  thermometrical  bureau,  thermometers  are 
illy  compared  with  the  air  thermometer  and  with  Kew 
iirds.  The  circular  also  contains  a  synopsis  of  the  constants 
3  Kew,  Fastr^  and  Casella  primary  (mercurial)  standards, 
letails  connected  with  these  bureaus  have  evidently  been 
illy  considered  and  ably  carried  out.  A  field  of  great  use- 
s  18  open  to  this  department  of  the  Winchester  Observatory, 
^sieal  Science  in  America,  also,  cannot  fail  to  be  indebted 

The  late  report  of  the  Astronomer  Royal,  Airy,  speaks  of 
ime  service  as  an  important  feature  in  the  work  of  the 
i-atory  of  which  he  is  director,  and  the  French  Astronomers 
iny  recent  articles  have  directed  public  attention  to  the 
tance  of  work  similar  to  that  undertaken  by  the  Horological 
lu  of  Yale  College.     The  thermometrical  bureau  promises  to 

valuable  assistance  to  the  United  States  Signal  Service  and 
teorology  in  general,  also  to  medico-physiological  investiga- 
and  to  many  departments  in  the  arts.  j.  x. 

II.   Geology  and  Natural  History. 

Odontomithes;  a  Monograph  on  the  Extinct  Toothed  Birds 
orth  America;  by  Professor  O.  C.  Marsh,  pp.  i-x,  201,  4to, 
-four  plates,  with  Appendix  containing  a  Synopsis  of  Ameri- 
Dretaceous  Birds.  1880.  Advance  copy,  issued  with  the 
ission  of  the  Chief  of  Engineers. — This  most  valuable  and 
lal  memoir,  which  forms  volume  VII  of  the  Survey  of  the 
Parallel,  will  receive  the  notice  which  its  importance  de- 
is  in  a  future  number  of  this  Journal. 
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2.  Mucorini  announced  as  the  chief  source  of  Mineral  CoaL 
— Professor  P.  F.  Kbinsch,  of  Erlangen,  Bavaria,  has  announced, 
as  the  result  of  some  recent  investigations  of  mineral  coal  by 
means  of  thin  transparent  slices,  the  view  that  in  the  formation 
of  coal  only  ceitain  low  forms  of  plant-life  took  part ;  and*  that 
these  forms  are  so  well  preserved  in  some  cases  that  almost  no 
difference  can  be  observed  in  their  most  intimate  structure  from 
similar  forms  still  living.     They  are  long  fibrous  forms  of  cellular 
structure,  united  to  strong  stems ;  and  in  the  fibrous  net-w^ork, 
other  forms,  spherical  in  shape  are  imbedded,  organically  connected 
with  the  net- work.     The  fibers  in  the  coal,  which,  according  to 
the  author's  conclusions,  constitute  the  chief  part  of  it,  consist, 
as    a    general   rule,  of  opake   coaly  material,  but  in    the   finer 
ramifications  a  micro-granular  structure   can   be   distinguished. 
The  spherical  bodies,  which  sometimes  adhere  together  with  flat- 
tened sides,  have  a  diameter  of  from  0'13  to  0*24  millimeter.     The 
structure  is  somewhat  more  sharply  defined  after   heating  tbe 
section  with  caustic  potash.     In  polarized  light  these  forms  be- 
have precisely  like  starch.    In  revolving  the  Nichols  the  revolving 
dark  cross  appears  very  plainly  in  all  the  spherical  bodies.    There 
is  generally  at  the  center  a  rhombohedral  kernel  of  a  somewhat 
more  transparent  substance  than  the  rest ;  and  the  substance  in 
them  whicn  becomes  somewhat  more  transparent  on  treatment 
with  caustic  potash  has  a  radiated  structure.      The  forms  are 
deolare<l  to  be  gigantic  Mucorini. 

These  conclusions  of  Professor  Reinsch  are  wholly  opposed  to 
those  of  other  investigators,  and  to  the  facts  presented  by  all  the 
ordinary  kinds  of  mineral  coal.  The  author  has  evidently  mis- 
understood the  objects  under  examination,  and  bis  supposed  facts 
are  not  likely  to  find  acceptance  in  science. 

8,  A  Xe%c  Anu^ican  locality  of  Fer^usonite;  by  W.  K  Hid- 
DKX  (communicated).  Besides  other  results  of  my  search  for 
Dlatinuni,  in  the  auriferous  gravels  of  tbe  Southern  States,  is  the 
ai»iH>very,  in  July,  1879,  of  the  mineral  fergusonite  at  Brindletown, 
Burke  Co.,  N.  C.  A  few  of  the  crystals  were  sent  by  me  lately 
to  Dr.  J.  I^wrence  Smith,  who  answers  as  follows :  **  I  received 
ihe  fergusonite  safely  and  have  made  an  examination  of  it.  It  i« 
beyond  all  doubt  that  mineral;  its  specific  gravity  is  5-87. 

MHaiUic  actddw  prinoipaUT  cc^umbie  acid. 49*83 

Tttn»  teaLrth*. '. 47-01 

Oxide  of  iron  mud  uraaium. *42 

W»t«pr 1-01 

9827 

TTiis  analysis  oorrv^ponds  perfectly  with  fergusonite.  I  intend 
of  course,  lo  make  a  more  thorv^ugh  examination  on  well  selected 
pieoHL  \\  also  porssesise*  the  pn>perty  of  glowing  in  an  eminent 
de^T^rve.'*  A  mv^nf  |vartioular  des^rriprion  with  figure*  of  crystals 
an^  ovHnpWce  analy^s  will  be  eiven  Iat«rr. 

4.  /Vl\r.'»ti^.>*fe**  n^o^jfhy.  La  Phyt*>jr%gphi€^  om  FArt  de 
Jtcrtrv  k*  y^*/it*Mv^  *>yHi!idkrt*  49jm*  dif^yytkU  poi/U»  de  ruf,  par 
Alth.  PmCxxiv^m;,  e«c.  Parisw  Massocu  1*>0-  ppu  4S4,  8to. — 
VxT-idiKV  as  tikr  pr««it  velum*  i^  i\  may  tctj-  prc^aUT  not  be 
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anslated  into  Enfflish.  So  we  propose  to  ^ve  a  running  account 
its  contents,  admng  here  and  there  some  brief  comments,  criti- 
\  or  otherwise.  Treatises  like  this  can  be  written  only  by  bot- 
lists  of  long  experience;  and  long  experience,  founded  upon 
x>d  training  and  accompanied  by  good  judgment,  gives  the  right 
»  speak  with  a  cerUin  authority,  particularly  upon  writing  and 
iblication  in  systematic  botany,  in  which  rules  and  method  are 
ost  important.  DeCandolle  is  now  one  of  our  oldest  systematists, 
le  who  as  editor  as  well  as  author  has  had  to  consider  every 
»rt  of  phytographical  question ;  and  the  volume  he  has  here  pro- 
loed  IS  a  neeofhl  supplement  to  the  Philosophia  Botanica  of 
bnsas  and  the  Th6orie  £l6mentaire  of  the  elder  DeCandolle,  the 
ro  classical  books  which  the  serious  botanical  student  should 
irly  and  thoroughly  master.  Phytography  has  to  do  with  form 
id  method  in  botanical  works ;  and  natural  history  is  nothing  if 
>t  methodical  Its  advancement  by  research  and  its  educational 
due — which  will  be  more  and  more  appreciated  as  it  is  better 
inght — both  depend  upon  correct  morphology  and  upon  well- 
jtUed  method.  Those  who  will  not  use  its  proper  language  and 
»pect  its  customs,  must  not  expect  to  be  listened  to,  any  more 
)an  is  unavoidable.  Observation  and  interpretation  must  go 
)gether,  if  either  is  to  be  of  value ;  the  naturalist  must  not  only 
bterve  that  he  may  describe,  but  describe  if  he  would  observe, 
n  his  preface  DeCandolle  remarks  upon  the  peculiar  advantage 
f  natural-history  study  in  the  combination  of  observation  with 
adgment,  and  upon  the  importance  to  a  student  of  acquiring  a 
lear  idea  of  what  natural  groups  are,  what  a  natural  classinca- 
ioo  and  the  subordination  of  groups  really  mean,  and  how  a  nat- 
iralist  arranges,  names,  and  with  precision  defines  the  immensely 
mmerous  objects  of  his  study.  Men  who  have  distinguished 
:hemselyes  in  various  professions  and  lines  of  life,  have  owned  the 
idTsntage  they  have  derived  from  this  kind  of  training  in  youth, 
>yen  though  they  never  became  naturalists. 

DeCandoUe's  book  is  in  thirty  chapters,  many  of  them  short 
lod  somewhat  discursive,  and  generally  abounding  in  recommen- 
iation  and  advice,  rather  than  laying  down  positive  rules. 
The  first  chapter  glances  at  "  the  evolution  of  botanical  works" 
rom  Cesalpino,  with  whom  scientific  botany  began  in  the  middle 
>f  the  16th  century,  to  Linnseus,  whose  rules  and  spirit  still  gov- 
rn,  and  to  our  own  times, — noting  the  gradually  increasing  impor- 
ftnce  of  herbaria  as  compared  with  botanic  gardens.  The  sec- 
Dd  chapter  touches  upon  the  moral  and  intellectual'  dispositions 
ecessary  in  botanical  work,  and  asks  the  question  what  manner 
f  men  botanists  are  or  ought  to  be.  As  their  pursuits  do  not 
!ad  to  fortune,  and  professorships  are  neither  numerous  nor  well 
lid,  he  concludes  that  botany  is  just  the  science  for  disinterested 
?ople  to  prosecute  from  pure  love  of  knowledge  and  the  pleas- 
■e  of  discovering  something  new ;  that  it  does  not  deal  with 
lestions  of  a  very  high  order,  nor  require  very  difficult  or  abso- 
tely  rigorous  reasoning.     The  faculties  which   it   brings  into 
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requisition  are  the  spirit  of  observation  and  of  order,  sagao* 
ity,  and  a  certain  good  sense  in  the  appreciation  of  &ot8; 
that,  if  it  does  shine  with  great  6clat,  at  least  the  faulU  <m 
its  cultivators  are  not  likely  to  harm  any  one ;  that,  equally  with 
the  other  sciences,  it  tends  to  elevation  of  character  in  thai  il 
requires  an  ardent  love  of  truth,  reposing  as  it  does  upon  the 
idea  that  the  veracity  of  its  cultivators  is  absolutely  completed 
He  concludes,  ^'  Les  sciences  jouent  dans  Ic  monde  le  r61e  a'ane 
ecole  practique  de  bonne  foi.  D'apres  ces  reflexions,  il  est  permia 
de  penser  que  les  botanistes  sont  ordinaireroent  et  devrait  dtre  tdb* 
jours  des  hommes  paisibles,  inofiensifs,  indulgent  pour  les  errenn 
de  leur  confr^i-es,  et  occup^s  bien  plus  de  Pavancement  de  la  aoi- 
ence  que  de  leurs  interns  ou  de  leui-s  petites  glorioles.  .  .  .  Ne 
Dous  arrdtons  pas  cependant  sur  de  rares  exceptions.  La  pretqne 
totality  des  botanistes  est  penetr^e  du  sentiment  de  la  justice  ei 
des  convenances.  On  en  trouverait  difficilement  un  seal  qui  ne 
reconn^t  le  principe  fondamental  de  ne  pas  faire  k  autrui  oe  qa*oii 
ne  voudrait  pas  qui  vous  fdt  fait." 

Still — our  author  continues — sometimes  the  perfectly  honeti 
and  right-minded  botanist  may  have  failings.  lie  may,  for  exam- 
ple, neglect  to  cite  his  predecessors,  or  cite  them  inexactly,  either 
from  negligence  (not  to  speak  of  calculated  omissions,  which 
show  want  of  honesty  and  soon  bring  down  reprobation),  or  from 
the  want  of  literary  resources.  The  latter  case  may  be  deemed  a 
misfortune,  and  no  fault.  But,  our  author  rejoins,  if  he  has  not 
the  necessary  books  within  bis  reach,  why  not  go  where  they  are 
and  consult  them  ?     Or  if  unable  to  do  that,  why  need  he  publish? 

Some  good  advice  follows  about  polemics  and  captious  criti* 
cism  ;  which  we  pass  over,  as  seemingly  superfluous,  so  long  at 
the  botanists  are  almost  without  exception  such  peaceable  and 
good  people.  Something  is  said  of  the  need  of  a  right  apprecia- 
tion of  the  extent  of  the  science ;  of  the  danger  of  exclusive  devo- 
tion to  a  single  branch  of  botany,  in  which  one  may  lose  all  jott 
perspective;  and,  Anally,  of  what  accuracy  means  in  natural 
history  as  distinguished  from  mathematical  exactness.  Every- 
where the  naturalist  has  to  judge  as  well  as  to  measure. 

The  third  chapter  discourses  upon  the  manner  of  preparing  and 
editing  botanical  works,  and  the  most  advantageous  mo<^  of 
publication,  considers  the  difterent  degrees  of  publicity: — ^for 
instance,  complete  and  durable  publicity  is  attained  when  a  mon- 
ograph of  an  order  or  genus,  a  flora,  a  Species  or  a  Genera  Plan* 
tarum  is  published  and  placed  on  sale  by  the  booksellers ;  or  when 
an  article  or  memoir  is  contributed  to  any  leading  and  well* 
known  botanical  journal,  or  to  the  bulletin  of  a  purely  botanical 
society,  which  publishes  with  some  regularity  and  indexes  its 
volumes ;  or  when  printed  in  the  transactions  or  bulletins  of  any 
scientific  society,  if  separate  copies  in  sufficient  number  are 
printed  and  fairly  distributed  or  placed  on  sale.  The  usage  in 
some  learned  societies  of  paging  each  memoir  separately  and 
placing  it  separately  on  sale  is  reierred  to,  with  implied  commen- 
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dadon.  Let  us  add  that  in  all  snch  separate  issues,  the  original 
pagination  of  the  volume  should  be  scrupulously  preserved ;  and 
It  were  better  that  there  should  be  no  other.  Less  complete,  but 
durable  publication  is  that  of  ouvragea  de  luxe^  so  limited  in  num- 
ber of  copies,  and  so  high  in  price  that  only  a  few  libraries  can 
posecflg  them;  also  articles  in  journals  without  full  indexes,  or 
with  indexes  only  to  a  series  of  volumes. 

Incomplete  publicity  is  given  wh^n  papers  upon  botany  are 
ioaerted  in  the  voluminous  transactions  of  general  learned  socie- 
ties, of  which  few  individuals  can  possess  the  series  or  find  room 
for  them ;  also  aiticles  in  reviews,  encyclopsBdias,  and  the  like, 
treating  of  many  or  of  all  sciences.  Even  journals  of  natural  his- 
tory alone  fall  under  the  ban,  unless  divided  into  separate  parts 
for  soology  and  botany, — as  is  the  Ibng-continued  Annales  des 
Sciences  Naturelles  of  Paris,  and  the  Journal  of  the  Linnean 
Society  of  London.  A  remedy  or  alleviation  of  these  obstacles 
to  publicity,  and  of  others  like  them,  is  supplied  by  the  catalogue 
of  papers  published  by  the  Royal  Society  of  London ;  which 
noble  work  was  instigated  by  the  late  Professor  Henry ;  yet,  as 
Uiit  embraces  all  sciences  and  fills  a  goodly  series  of  volumes,  it 
oan  seldom  be  in  the  library  of  botanists. 

In  speaking  of  the  obstacles  to  scientific  publicity  which  are 
interposed  by  too  limited  editions,  high  prices  caused  by  undue 
luxury  in  plates,  and  inopportune  or  inappropriate  media  of  pub- 
li(«UoD,  I>eCandolle  refers  to  customs  in  the  book  trade  and  in 
sovemment  patronage  which  need  reform;  and  mentions  inci- 
dentally what  a  botanical  library  costs.  He  says  there  should  be 
by  the  side  of  every  sreat  herbarium  and  every  considerable 
botanio  warden,  a  special  botanical  library,  without  which  it  is 
onpossible  to  determine  exactly  the  plants  of  the  one  or  the  other, 
or  to  write  any  good  monograph  or  flora.  Such  a  library  costs 
fifty  or  sixty  thousand  francs  (ten  or  twelve  thousand  dollars), 
^nd  needs  about  12,000  francs  for  annual  purchases.  He  asks 
bow  many  such  establishments  there  are  in  the  world,  and  con- 
cludes that  there  may  perhaps  be  between  ten  and  twenty. 

The  section  on  the  comparati\;e  superiority  of  certain  kinds  of 
'^^orkSy  sets  forth  the  greater  value  of  books  or  systematic  works 
^«  compared  with  memoirs  or  articles. 

The  language  to  be  employed  in  botanical  publications  is  the 

"^^pic  of  a  special  article.     For  descriptions,  Latin,  and  the  Latin 

^^f  Linusdus.     ^'  Le  Latin  des  botanistes  n'est  pas  cette  language 

^^bscure  et  k  reticences  de  Tacite,  obscure  et  k  periodes  pompeuses 

^e  Ciceron,  obscure  et  k  graces  tortill^es  d'Horace,  qu'on  nous  fait 

^pprendre  au  college.    Ce  n'est  pas  mdme  le  langage  plus  sobre  et 

t^ins  obdr  d'un  naturaliste  tel  que  Pline.     C'est  le  Latin  arrange 

\iar  Linn6  k  Tusage  des  descriptions  et,  j'oserai  dire,  k  Pusage  de 

L      ceux  qui  n'aiment  ni  les  complicationes   grammaticales,   ni  les 

t     phrases  disposes  sens  dessus  dessous,  ni  les  parentheses  enchas- 

A     1^  dans  les  phrases." 

^       This  for  descriptions,  except  in  local  floras,  where  popular  use 


164  Scientific  TnteUigence. 

demands  the  vernacular;  and  we  interpose  the  remark  that  Eni 
lish  botanical  language,  freely  incorporating  as  it  does  all  Lati 
and  Greek  terms,  comes  next  to  Latin  in  convenience,  compac 
ness,  and  facility  to  all  foreign  botanists,  who,  being  familii 
with  Latin,  can  seldom  be  at  a  loss.  For  discussions  and  reaaoi 
ings,  the  botanists  of  each  nation  prefer  their  vernacular  tODgnc 
but  DeCandolle  would  restrict  tnem  to  the  four  modem  ]» 
guages,  one  or  two  of  whtch,  beside  his  native  tongae,  ever 
naturalist  is  now-a-days  supposed  to  be  able  fairly  to  read 
English,  German,  French,  and  Italian.  Indeed,  beCandoD 
recommends  Latin  and  the  technically  descriptive  style  even  ft 
generaliay  on  the  ground  of  brevity ;  and  he  aptly  suggests  thi 
the  less  capable  botanists  are  of  handling  other  than  Linn«a 
Latin,  the  more  brief,  sentehtious,  and  strictly  to  the  point  thei 
exposition  will  be. 

Hints  are  given  as  to  the  best  mode  of  collecting  literary  materia 
making  and  preserving  notes  (each  upon  separate  slips  of  paper] 
upon  the  importance  of  adding  clear  explanations  of  drawings  i 
the  time  they  are  made  ;  and  upon  the  desirability  of  refrainioj 
from  publication  until  the  work  is  thoroughly  completed,  bat  o 
then  publishing  as  soon  as  possible.  A  manuscript  work  is  sail 
to  have  its  maximum  value  at  the  moment  of  completion.  On 
author  declares  that  second  and  third  editions  are  seldom  eqna 
to  the  first.  That  depends.  He  objects  also  to  posthumoo 
publication,  citing  Roxburgh's  Flora  Indica,  published  oy  Wallich 
Plumier's  plates  published  by  Burmann,  and  the  wretched  figura 
of  Velloso ;  and  ne  might  have  referred  to  the  ill-advised  printbj 
of  GrifKth's  rough  notes  and  comments.  But  all  depends  ap<N 
the  character  of  the  manuscript  and  the  length  of  time  which  oa 
elapsed. 

1  hapters  IV-XI  traverse  the  whole  subject  of  description! 
under  various  aspects  and  a  rather  minute  division  of  topics.  Ai 
even  a  brief  analysis  would  overpass  available  space,  we  wil 
merely  touch  here  and  there  upon  certain  points. 

As  to  the  relation  of  varieties  to  species,  there  are  two  mode 
of  presentation,  both  of  which  have  oeen  followed  by  Linnmu 
and  by  most  svstematists,  upon  different  occasions.  Varieties  an 
commonly  designated  by  the  small  letters  of  the  Greek  alphabet 
a^  ff^  }\  etc,  and  also  by  names  when  they  are  pretty  distincd] 
marked.  Either  the  varieties,  one  or  more,  may  be  appended  U 
the  species  (that  is,  to  the  form  taken  as  the  type,  which  nsaal1]| 
nmsl  be  the  form  originally  described  under  the  name),  am 
iben^fore  be  treated  as  aberrant  forms :  or  else  the  species  is  chai 
aeteriaed  as  a  group  of  forms,  which  forms  are  clasrified  and  deSiMi 
j«$t  as  species  are  under  their  gena&  For  instance,  Mmihi 
CVf»tHfo»M«  is  held  to  comprehend  both  a  hairy  and  a  smooll 
iR^niu  the  two  differing  also  somewhat  in  other  respeeta.  Linn«« 
f«>and^  the  species  on  the  former :  and  it  is  pretty  well  aeree) 
thai  we  ane  to  refer  the  >pecie$  back  to  hmn,  bowerer  it  b 
limited.     Now  we  mav  either  sive  a  commoii  diaracier  to  th 


Qeology  and  Natural  History.  155 

y  and  then  distinguish  var.  dt.  viUosa,  and  var.  /3,  glabrata; 
nay  characterize  the  species  in  general  upon  the  originally 
form,  and  append  the  variety  ft,  glabrata.  Either  modle 
\  advantages  and  is  likely  to  he  employed  in  certain 
The  former  classifies  the  varieties  under  the  species, 
8  more  naturally,  and  exhihits  the  polymorphous  char- 
f  what  we  call  a  variable  species ;  and  DeCandoUe  con- 
;hat  it  will  prevail  in  proportion  as  the  forms  of  a  species 
;o  be  well  Known  ;  tne  latter  holds  closer  to  the  bibli- 
y.  There  is  danger  of  some  misunderstanding  when  the 
>des  are  used  in  the  same  work.  In  the  Synoptical  Flora 
th  America,  the  former  mode  is  invariably  adopted,  partly 
score  of  brevity.  Either  the  originally  described  form,  or 
am  or  common  form  is  taken  as  the  type,  and  the  varieties 
ated  as  departures  from  this.  Even  when  the  specific 
;er  is  drawn  so  as  generally  to  cover  the  varieties  (as 
be  done  as  far  as  possible),  some  form,  and  the  history  of 
cies  generally  indicates  what  form,  is  kept  in  view  as  the 
iT  alpha.  Of  course,  except  for  cultivated  plants,  there  is 
wing  and  no  pretence  of  determining  which  was  the  parent 
r  in  what  order  the  several  varieties  may  have  diverged 
pristine  stock. 

^eCandolle  points  out,  there  is  much  ambiguity  and  loose- 
the  use  of  this  word  type,  which  it  would  be  well  to  avoid. 
Ly  the  type  of  a  species  is  the  species  or  genus,  or  the  full 
it,  which  no  one  individual  or  species  may  embody,  which 
case  of  a  ^oup  no  single  representative  or  member  can 
cemplify.  To  apply  the  term  to  a  form  which  well  exem- 
the  essential  characters  of  the  species  or  genus  is  quite 
,  and  hardly  involves  any  confusion.     But  the  term  is  also 

a  historical  sense,  as  i-eferring  to  the  particular  form  on 
i  species  was  founded,  or  the  species  on  which  the  genus 
iracterized  or  which  its  founder  had  mainly  in  view,  but 
irery  often  proves  not  to  be  the  best  representative  of  the 
sometiifies  not  even  a  fair  one.  Finally  a  particular  speci- 
lich  the  original  author  described,  or  an  authentic  speci- 

said  to  be  a  type,  or  a  typical  specimen ;  and  this  De- 
le objects  to.  But  after  all,  such  terms  can  hardly  be  held 
gle  sense  in  teclinical  any  more  than  in  ordinary  language. 
lug  must  be  left  for  the  context  to  determine, 
rawing  up  the  characters  of  groups,  such  especially  as 
emd  genera,  are  exceptions  or  what  we  call  exceptions  to 
sated  in  the  character,  or  shall  this  express  only  what  is 
ly  true  ?  DeCandolle  discusses  the  question,  but  leaves  it, 
;  needs  be,  for  practical  judgment  to  determine.  On  the 
id  the  point  or  the  usefulness  of  a  character  is  blunted  or 
,ed  by  the  intercalation  of  alternatives  and  exceptions,  yet 
ers  must  be  somehow  made  to  correspond  with  the  facts, 
ihod  of  Bentham  and  Hooker,  of  a  separate  specification 
>rincipal  known  exceptions,  is  commended. 
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Should  outlying  or  anomalous  groups  be  incorporated  with  the 
orders  they  most  resemble,  or  be  merely  appended  as  **  geners 
affinia,"  and  the  like  ?  The  latter  was  inevitable  in  the  earlier 
days  of  the  natural  system  ;  but  increasing  knowledge,  as  well  as 
considerations  of  symmetry  and  convenience,  more  and  more  ^t&^ 
the  place  of  these  floating  groups;  so  that  their  general  incor^ 
poration  into  the  orders  by  Bentham  and  Hooker  in  the  Genera 
Plantarum  of  our  day  is  in  the  natural  course  of  thin^  Bat 
botanists  have  to  remember  that  many  of  them  are  still  riddles. 

DeCandolle  classes  descriptions  under  the  two  general  heads  of 
developed  and  abridged.  A  developed  description  is  a  detailed 
account  of  the  whole  conformation,  without  regard  to  differenUoB, 
The  type  of  an  abridged  description  is  the  diagnosis,  such  as  the 
specinc  phrase,  or  as  Linnaeus  called  it,  the  nomen  epecifieum; 
what  we  now  universally  term  the  specific  name  being  his  nomen 
triviale.  In  the  course  of  phytography  both  these  have  become 
rare  or  of  special  use  as  regards  species,  and  a  hybrid  between  the 
two  has  been  engendered  which  is  more  serviceable  than  either. 
The  long  and  independent  descriptions  of  the  olden  time  are  now 
seldom  written.  Except  for  special  cases,  the  development  of 
the  natural  system  in  its  subordination  of  groups  in  ever  iDcreas- 
ing  numbers  and  definiteness,  has  rendered  them  superfluous. 
What  was  once  stated  in  the  developed  description  of  a  species  in 
one  formula,  and  a  vast  deal  more,  is  now  parceled  out  amone  the 
ordinal,  tribal,  generic,  sub-generic  or  sectional,  sub-eectional  and 
other  characters,  each  of  which  deals  primarily,  if  not  wholly, 
with  differentlOB,  The  characters  of  each  grade,  being  diagnostic, 
may  be  comparatively  short ;  but  taken  together  they  become 
almost  exhaustive.  But  to  avoid  going  again  over  the  same 
ground,  subsidiary  matters  not  diagnostical,  yet  needful  or  use- 
ful, are  not  rarely  intercalated  among  the  more  essential  points, 
instead  of  being  collected  in  a  separate  paragraph.  Consequently 
the  specific  diagnosis  may  be  prolonged  and  get  to  partake  of  the 
nature  of  a  developed  description.  The  remedy  for  over- length  is 
to  multiply  divisions  and  sub-divisions  between  the 'genus  ana  the 
species.  To  do  this  well,  to  arrange  the  species  group  within 
group  most  definably  as  well  as  most  naturally,  tasks  the  powers 
and  the  patience  of  a  systematic  botanist,  and  tests  his  aptitude 
for  discerning  affinities,  and  solving  practical  difficulties. 

Developed  descriptions  are  in  place  in  such  general  works  ss 
DeCandolle's  Syatema  (which  was  soon  overweighted  and  crushed 
by  them),  and  above  all  in  monographs  of  orders  or  genera.    In 
his  sixth  chapter,  devoted  to  this  topic,  the  author  cites,  in  order 
of  date,  the  principal  monographs  of  orders  or  tribes  (excluding 
those  of  a  single  genus)  which  may  be  taken  as  models  (about 
two  dozen  only),  and  points  out  some  of  their  merits  or  defects. 
The  subject  of  abridged  descriptions  is  taken  up  in  chapter  VII; 
and  this  connects  itself  with  a  great  number  of  subsidiary  ques- 
tions and  particular  details,  running  on  through  twenty  chapters 
more  (individually  short),  and  forming  the  most  practically  useful 
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part  of  the  book.  There  are  so  many  points  which  it  were  well  to 
call  attention  to,  or  sometimes  to  comment  upon,  for  which  space 
is  now  wanting,  that  we  must  defer  the  remainder  of  this  critical 
notice  to  the  next  issue  of  the  Journal. 

It  is  to  be  regretted  that,  for  the  completeness  of  this  work  the 
aathor  did  not  comprehend  in  it  the  subject  of  nomenclature  of 
groups — an  important  part  of  phytography — and  reprint  in  it  his 
oposcula,  entitled  Lois  de  la  Nomenclature  Botaniquey  along 
with  flome  further  commentaries,  such  as  his  experience  and  some 
adverse  criticiBnis  from  an  opposing  school  may  have  suggested. 
This  may  still  be  desired,  altbough  the  little  treatise  has  already 
been  widely  disseminated  in  three  languages,  and  although,  aa  the 
aathor  incidentally  remarks,  his  own  view  is  shared  by  an  immense 
majority  of  descriptive  botanists.  a.  g. 

6.  The  JPems  of  North  America:  Colored  Figttrea  and  De- 
icnMiotu  ufith  Synonymy  and  Geographical  Distribution^  etc.; 
by  JDAwrBL  Cady  Eaton,  Professor  of  Botany  in  Yale  College, 
1879, 1880.  71  plates.  Published  by  S.  E.  Cassino,  299  Wash- 
ington street,  Boston. — From  time  to  time  we  have  noticed  this 
truly  classical  work,  and  have  now  only  to  congratulate  author, 
artists,  and  publisher,  also  the  botanical  public  and  the  nu- 
merous amateur  fern-people,  upon  its  happy  completion.  The 
author's  part  has  been  well  sustained  throughout.  The  illustra- 
kioos  began  well,  and  went  on  better  and  better.  The  author 
adds  to  the  second  volume  a  complete  Synopsis  of  the  Genera 
and  Species  contained  in  the  work,  in  systematic  order,  with  diag- 
nostic characters,  a  most  convenient  and  useful  addition.  •  Would 
that  our  other  Cryptogamia,  or  any  of  them,  were  similarly  pro- 
rided  for.  a.  g. 

6.  Index  perfectus  ad  Caroli  Zinncei  ISpecies  Plantanim^ 
nempe  ecarum  Primam  Editiofiem  {anno  1753),  CoUatore,  Fbbd. 
DB Mueller.  Melbourne,  1880.  pp.  40, 8vo. — Baron  von  Mueller 
some  time  ago  called  attention  to  the  fact,  that  most  botanists  cite 
the  second  edition  of  the  Species  Plantarum  of  Linnfeus  instead 
of  the  first,  thus  not  really  beginning  at  the  beginning.  Attribu- 
ting this  practice  to  the  scarcity  of  the  first  edition,  he  now  prints 
to  mdex  to  that  edition,  for  the  use  of  those  who  possess  only  the 
second,  or  its  equivalent,  the  third  or  Vienna  reprint.  We  agree 
that  it  is  most  proper  to  cite  the  editio  princeps  for  the  species  the 
names  of  which  originate  there ;  and,  taught  by  Robert  Brown 
forty  years  ago,  we  have  uniformly  done  so.     But  we  suspect 

,,  that  the  prevfHent  habit  of  citing  only  the  second  edition  did  not 
;  grow  so  much  out  of  the  scarcity  of  the  first  as  from  the  idea  that 
ue  revised  edition  was  the  properest  to  use.     Still  the  only  safe 
lod  true  way  is  to  begin  at  the  beginning ;  and  it  sometimes  hap- 
pens that  the  accretions  in  the  subsequent  edition  are  misleading. 

A.  6. 

7.  Catalogue  of  North  American  Musci ;  arranged  by 
EroBXE  A.  Rau  and  A.  B.  Hervky.  Taunton,  1879.  pp.  62, 
1880. — ^The  species  are  arranged  after  Schimper's  Synopsis ;  gen- 
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eral  habitat  or  geographical  range  is  given ;  the  printing  and 
proof-reading  appear  to  be  well  done ;  and  "  the  compilers  [may 
well]  believe  that  they  are  supplying  a  want  which  has  Ions  oeen 
felt  bv  American  botanists."  We  hope  and  may  expect  tEst  we 
shall  have  something  more  than  a  compiled  catalogue  before  long, 
although  the  death  of  Mr.  Snllivant  has  deviously  postponed  tfie 
desired  consummation.     A  catalogue  like  this  is  always  usefiiL 

A.  6. 

8.  Botanical  Eixj>loraHon  of  the  lUUe-knotm  West  India  Id- 
ands. — Baron  Eggers,  the  commander  of  the  Danish  forces  in  the 
Danish  West  Indies,  resident  at  St.  Thomas,  has  issued  a  circii- 
lar  invitine  subscribers  for  sets  of  botanical  specimens,  sections  of 
woods,  fruits,  etc.,  in  view  of  a  complete  investigation  of  the  bot- 
any of  those  West  India  Islands  which  have  been  very  little  ei- 
plored,  at  least  in  the  present  century,  and  which  doubtless  con- 
tain much  that  is  new  to  science.  (layti  and  Dominica  are  jwrtie- 
ularly  in  view,  also  Porto  Rico.  It  is  intended  that  the  specimeni 
shall  be  well  studied  before  distribution,  named,  and  made  up  into 
uniform  sets.  As  announced  in  the  circular,  the  price  of  botani- 
cal specimens  was  fixed  at  $12.50  the  hundred  for  Phsenogams,  and 
$10  for  Cryptogams.  But  we  understand  that  if  encouragement 
is  ofiered  for  the  making  of  a  considerable  number  of  sets,  the 

J  rice  of  phfenogamous  plants  will  be  reduced  to  the  customar? 
10  the  century.     Botanists  should  communicate  promptly  witA 
Baron  Eggers,  St.  Thomas,  Danish  West  Indies.  a.  a, 

9.  Note  to  2>n  C.  A.  Whitens  paper  in  volume  xx  of  this  Jout' 
nal;  bjr  R.  Ellsworth  Call.  (Communicated.) — In  Dr.  0.4. 
White's  interesting  communication  to  this  Journal,  vol.  xx,  July, 
1880,  pp.  44-49,  "  On  the  Antiquity  of  certain  Subordinate  Typai 
of  Fresh-water  and  Land  Mollusca,''  occur  two  slight  erron 
which  may  be  misleading  to  future  students  pursuing  the  same 
line  of  research.      On  page  47  he  lists  seven  species  of  fold 

Unionuhe  from  the  Laramie  strata  of  Wyoming  and  Utak, 
together  with  a  second  series  of  seven  recent  XJniones  ^  as  their 
respective  congeners. '*  Congeneric  with  the  Ui  Couesi  Wbite 
is  written  Un io  cornplanat ueSolsLnder.  Since  the  doctor  gives  a 
list  of  Unionidoi  inhabiting  the  ^^  waters  of  the  Mississippi  ooiv^ 
as  eon^neric  with  the  fossil  forms,  U.  coinplanatus  SoL  is  out  of 
place  in  such  a  list,  being  an  inhabitant  soleiy  of  the  Atlaotie  * 
slope,  together  with  the  numerous  other  species  of  which  it  is  a 
type.  T\\\»  species  is  not  found  west  of  the  AUeghanies.  Thtt 
fact  is  important  in  the  matter  of  the  geographical  distribution  of 
the  recent  Upiiofiidof,  A  slight  error  in  ^e  determination,  or  tlie 
nomenclature,  of  the  species  placed  as  congeneric  with  u,  Bsir 
iichi  White  occurs.  Doctor  'Wnite  evidently  means  Uhio  gibbosim 
Barnes.  X^nio  gibbets  was  di^scribed  by  Spengler  in  ^Skrivteraf 
Nalurhistorie  Selskabet,'^  vol.  iii  (1T92,)  and  the  habitat  given  ii 
Tranquebar. 

Dexter,  Iowa,  July  6.  1880. 
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10.  Packard^s  Zoology. — A  letter  has  been  received  from  Pro- 
iBMor  Packard  in  reply  to  Professor  Wilder's  criticism  of  his 
rork,  as  r^ards  the  accounts  of  the  brains  of  vertebrates,  on  a 
ormer  pase  of  this  volume.  We  cite  from  it  a  single  sentence :  • 
'The  book  was  not  designed  to  give  a  monoeraphic  or  even 
iolerably  complete  account  of  the  brains  of  the  Vertebrates ;  this 
iroiild  tie  out  of  place  in  such  a  work." 

ni  Miscellaneous  Scientific  Intelligence. 

I.  2%e  Seismological  Society  of  Japan. — A  society  under  this 
name  has  been  formed  in  Tokio,  Japan,  with  the  purpose  of  en- 
oouraging  the  study  of  earthquake  and  volcanic  phenomena  in 
that  conotry.  Its  officers  are  I.  Z.  Hattori,  President ;  Prof  John 
Milne,  Vice-President,  and  Prof  W.  S.  Chaplin,  Secretary.  These 
names  are  already  familiar  to  students  of  Seismology  and  are  suf- 
ficient guarantee  that  the  new  society  will  be  a  valuable  acquisi- 
tion to  the  science.  At  a  general  meeting  held  April  26,  1880,  a 
paper  was  read  by  Prof.  Milne,*  which  he  summarizes  as  follows : 
^  What  I  have  attempted  has  been  to  show  the  position  which 
the  study  of  earthquakes  and  volcanoes  occupies  in  the  scheme, 
waiting  to  be  worked  out,  for  the  elucidation  of  the  natural  laws 
upon  which  all  terrestrial  things  appear  to  be  dependent.  After 
toia  I  give  a  condensed  summarv  of  the  work  which  has  been 
done  in  this  country  toward  carrying  out  this  scheme.^' 

The  paper,  which  is  of  considerable  length,  is  printed  in  full  in 
the  account  of  the  nveeting  in  the  Japan  Gazette  of  May  1,  1880. 
One  item  of  general  interest  is  the  actual  horizontal  movement  of 
an  earth  particle  during  an  earthquake  shock,  which  Pro£ 
Milne  and  his  associates  have  succeeded  in  measuring  instrument- 
ally.  The  movement  in  seven  cases,  reported  from  his  own  and 
Mr.  E.  Knipping's  observations,  varied  from  l**/  mm.  to  "4  or  5 
mm.,**  with  a  mean  of  2*9  mm.  Prof.  Milne  described  briefly 
several  modifications  of  existing  seismometers  and  at  the  close  of 
his  paper,  Prof.  J.  A.  Ewing  exhibited  a  new  form  of  seismo- 
grapn.     We  quote  the  description  of  it  somewhat  condensed. 

'^The  principle  on  which  it  is  based  is  the  well  known  one  that 
the  bob  of  a  long  pendulum  may  be  assumed  to  be  sensibly  sta- 
tionary during  most  shocks.  Two  levers  at  right  angles  to  each 
other  have  their  short  arms  kept  in  continuous  contact  with  the 
Tcry  massive  bob  of  a  pendulum  twenty  feet  long.  The  levers 
are  joined  to  their  supports  so  that  each  is  affected  only  bythe 
component  of  the  movement  resolved  in  its  own  direction.  They 
are  also  unaffected  bv  torsion  of  the  pendulum  or  any  other  kind 
of  relative  motion  of  its  parts.  ITie  long  ends  of  the  levers  press 
gently  against  two  smoked  glass  plates  which  are  kept  revolving 
continuously  and  uniformly  by  clockwork.  So  long  as  no  earth- 
quake occurs  each  lever  traces  one  and  the  same  circle  over  and 
over  again  on  its  revolving  plate.     The  earthquake  causes  the 

*  Profeflsor  Milne  has  g^yon  some  of  his  results  in  a  letter  to  Ao/kt^  vol.  xxii, 
Ik.  208,  July  1,  1880. 
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lever  to  move  across  this  Hue,  and  so  records  an  undulating  line 
on  each  plate.  These  lines  enable  the  movements  to  be  measured 
and  their  relation  to  the  time,  from  which  the  amplitude,  velocity 
•  and  direction  of  the  horizontal  motion  of  a  point  on  the  earth^ 
surface  are  determined  at  every  instant  throughout  the  whole 
disturbance.  Tlie  penduhim  is  not  suspended  from  the  roof  of  the 
house  but  from  a  separate  I'igid  frame ;  and  the  levers  with  their 
recording  discs  arc  attached  firmlv  to  a  wooden  post  stock  in  the 
ground  and  cut  off  a  few  inches  alK>ve  the  surfaoe.** 

Tlie  new  society  is  well  located  for  effective  work,  as  earth- 
quake shocks  seem  to  occur  in  Japan  almost  daily,  A  letter  from 
l^f.  Milne  (June  12)  speaks  of  "  over  fifty  during  the  last  two 
months,"  one  night  five,  and  another  night  three.  c  a  R. 

2.  t^ietwe:  A.  weekly  Record  of  SderUifie  ProgreaBf  John 
MiOHET^,  editor.  Vol.  I,  No.  1  and  2,  New  York,  July  8  and  10, 
1880.  The  aim  of  this  new  Journal  is  stated  to  be  ''to  afford 
scientific  workers  in  the  United  States  the  opportunity  of  promptly 
recording  the  fruits  of  their  researches  and  facilities  for  commn- 
nication  between  one  another,''  etc.  It  aspires  ''to  take  the 
position  which  'Nature'  so  ably  occupies  m  Eneland."  The 
necessity  of  the  existence  of  such  a  Journal  may  peniaps  be  ques. 
tioned,  m  view  of  the  prompt  and  wide  distribution  of  "Nature" 
in  this  country,  although  it  would  certainly  be  of  value  if  it 
could  maintain  the  position  suggested  in  the  prospeotns,  whieb 
it  certainly  has  not  done  thus  far. 

Tlie  author  of  the  ingenious  story  about  the  "diaphote''  will 
be  amused  to  see  a  column  in  '*  Science"  devoted  to  the  subject, 
in  which  the  remarkable  invention  of  the  supposed  "Dr.  rL  E. 
Licks''  (=:  Mix)  is  described  in  full  detail.  The  original  aoconot, 
from  which  this  quotation  was  ma<le,  is  so  clearly  worked  out  in 
all  the  minor  points  and  so  ingeniously  plausible  that  it  is,  perhapi, 
not  strange  that  so  many  have  been  deceived.  It  deserves  to  take 
a  place  beside  the  famous  "  moon  hoax  "  of  years  ago. 

3.  JSciefice  Record:  A  Monthly  Bulletin  of  Scientific  Re- 
searches, Discoveries  and  Reports  on  the  Pacific  Coast  San 
Francisco,  Cal.  (Dewey  &  Co.).  The  "Science  Record"  wis 
commenced  in  Febniary,  1879.  The  number  recently  received 
(vol.  ii.  No.  3)  contains  an  article  on  the  Origin  of  Lakes,  by 
Prof.  John  I^eConte,  the  first  of  a  series  to  be  published  in  future 
numbers ;  it  also  contains  an  account  of  the  monthly  meeting  of 
the  California  Academy  of  Sciences,  an  article  on  the  U-  S.  Fish 
Commission  on  the  Pacific  Coast,  and  other  interesting  matter. 
This  Journal  promises  to  fill  a  valuable  place  as  a  medium  of 

Bublication  of  scientific  observation  in  the  western  part  of  the 
Tnited  States. 

OHITUARY. 

Count  Louis  FuAxgois  de  Pourtales,  the  well-known  pupil 
and  companion  of  Agassi z.  Keeper  of  the  Mnsemn  of  Gon- 
parativc  Zoology  at  Cambridge,  Alass.,  died  July  18^  in  the  fifty- 
eighth  year  of  nis  age.  A  notice  will  be  given  in  a  subseqaeat 
number  of  the  Journal. 

Professor  Eduard  Grt3B£,  of  Bte^lau^  died  June  23,  1880,  at 
the  age  of  sixty-eight  years. 
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'.  XXIL  —  On  the  New  Action  of  Magnetism  on  a  Perma- 
mt  Electric  Current;*  by  E.  H.  Hall,  Assistant  in  Physics 
.  the  Johns  Hopkins  University. 

s'  the  early  part  of  last  winter  there  was  published  in  the 
erican  Journal  of  Mathematicsf  an  account  of  some  exper- 
nts  which  prove  that  an  electric  current,  as  distinguisned 
1  the  conductor  bearing  the  current,  is  acted  upon  by  mag- 
c  force  in  a  manner  altogether  different  from  that  in  which 
nary  induction  is  known  to  take  place.  The  new  phenom- 
n  was  in  short  the  action  of  a  permanent  magnetic  force  on  a 
nanent  electric  current.  Up  to  the  time  when  the  above- 
itioned  article  was  written  *this  new  action  had  been  ob- 
ed  in  only  one  conducting  material,  gold.  In  the  present 
cle  will  be  given  the  results  of  observations  with  several 
?r  conductors ;  but  first  it  seems  worth  while  to  give  some 
)ant  of  various  closely  related  experiments  which,  though 
ilting  negatively,  are  not  entirely  devoid  of  interest. 
n  the  previous  article  the  fact  was  mentioned  that  a  form 
ipparatus  had  been  devised  which,  it  was  thought,  might 
3al  the  new  action  in  the  shape  of  an  increase  of  resistance 
he  conductor.  The  plan,  as  modified  in  accordance  with  a 
gestion  of  Professor  Rowland,  was  to  employ  as  the  con- 
tor  to  be  experimented  upon  a  circular  disk  pi  gold  leaf,  in 
ch  the  current  entering  at  the  center  would  radiate  to  a 
jk  ring  at  the  edge  and  so  pass  off  by  a  wire  attached  to  the 
I.  In  such  an  apparatus  under  ordinary  conditions  the 
itromotive  force,  and  so  the  flow  of  electricity,  would  be 

In  its  original  form  tliis  article  was  a  thesis  for  the  degree  of  Doctor  of  Phi- 
phj.    Some  alterations  have  been  made  in  preparing  it  for  publication. 
Vol.  n.  page  287,  1879;  republished  in  this  Journal,  March,  1880. 
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along  the  radii  of  the  disk,  but  if  a  strong  magnetic  force  were 
made  to  act  perpendicularly  to  the  face  of  the  disk  a  new 
electromotive  force  would  be  set  up,  which  would  be  always 
perpendicular  to  the  direction  of  the  magnetic  force  and  to  the 
actual  direction  of  flow  of  the  electricity  at  any  instant  in  every 
part  of  the  disk.  The  actual  electromotive  force  therefore, 
under  which  the  electricity  would  flow,  would  be  compounded 
of  two,  one  of  which  would  in  general  have  the  direction  of 
the  radii  of  the  disk,  while  the  other  would  be  nearly  at  right 
angles  to  this,  though  changing  its  direction  constantly  as  the 
flow  of  electricity  continually  veered  from  its  normal  course 
under  the  resultant  action  of  the  two  electromotive  forces.  The 
resulting  path  of  the  electricity  from  the  center  to  the  circum- 
ference of  the  disk  would  be,  not  a  straight  line  as  under  nor- 
mal conditions,  but  a  spiral  This  path  being  longer  than  the 
straight  line,  we  should  expect  an  increase  of  electrical  resis^ 
ance  in  the  disk  of  gold  leaf.  Before  any  very  extended  ex- 
periments had  been  made  with  this  apparatus,  however,  it  was 
pointed  out  by  Professor  Rowland  tnat  the  increase  of  resist- 
ance which  might  be  looked  for  in  this  case  would  be  exceed- 
ingly small,  too  small  probably  to  be  detected.  This  experi- 
ment was  therefore  abandoned  for  the  time  at  least 

The  next  experiment  to  be  described  was  a  very  simple 
variation  upon  the  main  one,  and  before  going  farther  it  may 
be  well  to  give  a  drawing  of  such  a  plate  as  has  been  used  in 
making  most  of  the  observations  to  be  hereafter  recorded. 


In  fig.  1,  which  is  about  one-half  the  actual  size  of  an  ordi- 
nary plate,  g  g  g  g  represents  the  plate  of  glass  upon  which 
the  metal  strip  m  m  m  m\^  mounted.     Contact  with  this  strip 
is  made  at  the  ends  by  the  two  thick  blocks  of  brass  J,  h,  which 
are  held  firmly  in  place  by  the  four  brass  clamps  worked  by 
means  of  the  screws  S^  S,  5,  S.     The  main  current  of  electricity 
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nters  and  leaves  the  metal  strip  by  means  of  the  biodiDg 
crews  e,  e.  Running  out  from  the  middle  of  this  strip  are  two 
irojectiona  which  make  contact  with  the  clampa  C„  C,,  worked 
>y  the  screws  S,,  S,.  From  the  screws  i,  i,  wires  lead  to  the 
rhomsoQ  galvanometer.  The  projections  from  the  metal  strip 
09t  alladed  to  make  the  apparatus  very  easy  to  adjust,  for  by 
craping  off  little  particles  from  the  proper  part  of  the  projec- 
io&s,  while  the  current  is  allowed  to  run  through  the  metal 
(trip,  the  current  through  the  Thomson  galvanometer  may  be 
reduced  to  the  extent  desired. 

Id  ordinary  experiments  such  a  plate  aa  that  just  described 
IB  placed  between  the  poles  of  the  magnet  in  such  a  position 
that  the  direction  of  magnetic  force  would  be  represented  by  a 
perpendicular  to  the  plane  of  the  paper  in  the  above  drawing; 


// 

'/  z 
In  ihe  variation  upon  the  main  experiment  a  plate  was  em- 
ployed similar  to  the  above,  but  narrower  and  with  very  short 
side  clamps.  This  plate  was  first  placed  between  the  poles  of 
the  magnet  in  the  usual  position  as  shown  by  the  heavy  lines 
in  fig.  2. 

With  this  arrangement  a  permanent  deflection  of  about  30 
cm.  on  the  scale  before  the  Thomson  galvanometer  could  be 
obtained  "by  reversal  of  the  magnet  current.  Leaving  now  the 
distance  between  the  poles  very  nearly  the  same  as  before  and 
asiog,  both  in  the  magnet  and  the  gold  atrip,  as  nearly  as 
possible  the  same  strength  of  current  which  had  just  been  em- 
ployed in  the  previous  trial,  the  plate  was  turned  into  the 
position  indicated  by  the  dotted  lines  in  fig.  2.  With  this 
second  arrangement  no  action  of  the  kind  previously  seen  was 
detected,  or  at  least  none  that  could  with  certainty  be  distin- 
^isbed  from  the  direct  action  of  the  magnet  on  the  Thomson 
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galvanometer.  This  latter  eflfect  produced  a  deflection  of  only 
a  few  mm.  and  could  not  have  masked  any  considerable  action 
of  the  kind  looked  for. 

The  first  part  of  this  experiment  then  shows  our  main  fact, 
viz :  that  in  a  conductor  subjected  to  the  given  conditions  a  per- 
manent electromotive  force  is  at  once  established  ^hich  has  a 
direction  perpendicular  to  the  direction  of  magnetic  force  and 
perpendicular  to  the  direction  of  the  primary  current  in  the 
conductor.  The  second  part  of  the  experiment  shows  that 
under  similar  conditions  no  electromotive  force  is  set  up  in  the 
direction  of  the  magnetic  force,  or  at  least  none  of  the  same 
order  of  magnitude  as  that  described  above. 

The  third  experiment  to  be  described  was  made  at  the  sug- 
gestion and  desire  of  Professor  Rowland.     It  was  to  test  for  an 
action  of  the  m^net  on  the  lines  of  static  induction  in  glasa 
A  thick  piece  of  plate  glass  about  four  cm.  square  was  taken  and 
a  hole  about  four  mm.  in  diameter  was  drilled  through  each  of 
the  four  lateral  faces.     These  four  holes  were  all  directed  to- 
ward the  center  of  the  glass  and  each  extended  to  within  abont 
seven  mm.  of  this  point.     If  the  holes  had  met  they  would  have 
formed  two  cylindrical  channels  at  right  angles  to  each  other 
and  extending  straight  through  the  glass  from  lateral  face  to 
lateral  face.     In  each  hole  a  loosely  fitting  plug  of  brass  several 
mm.  long  was  placed  and  securely  fastened  with  a  cement  of 
insulating  material.     Leading  out  from  each  plug  was  a  wire 
which  was  insulated  for  some  cm.  by  being  surrounded  with 
a  glass  tube.     The  piece  of  plate  glass  thus  prepared  was  placed 
between  the  jx)les  of  the  magnet,  precisely  as  a  plate  bearing  a 
strip  of  gold  would  be.     One  of  the  brass  plugs  was  placed  in 
connection  with  the  inner  coating  of  a  battery  of  Levden  jars 
charged  by  means  of  a  Holtz  machine,  the  opposite  plug  being 
in  connection  with  the  outer  coating  of  the  jars  and  with  the 
earth.     The  other  two  P^ugs  were  placed  in  connection  with 
separate  quadrants  of  a  Thomson  electrometer.     The  quadrants 
were  both  insulated  from  the  earth.     The  electrometer  was 
sufficiently  sensitive  to  deflect  the  spot  of  light  about  170  mm. 
for  the  electromotive  force  of  a  Bunsen  cell,  or  340  mm.  on  re- 
versing  the   connections   with   such  a  cell.     The  battery  of 
Lej'den  jars  was  charged  to  a  potential  sulBicient  to  give  a 
spark  of  two  or  three  mm.     The  connections  being  thus  made, 
the  jKisition  of  the  spot  of  light  was  observed  and  the  magnet 
then  operated  with  the  purjx>se  of  discovering,  if  possible,  any 
consequent  change  of  position  of  the  spot  of  light  which  would 
indicate  an  action  of  the  magnet  on  the  lines  of  static  induction 
in  the  glass.     The  observation  failed  to  establish  the  existence 
of  any  such  action.     The  eleotrt:»meter  being  in  a  very  sensitive 
condition  the  spot  of  light  was  rather  unsteady,  so  that  any 
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rv  sliorht  eflfect  of  the  kind  looked  for  would  not  have  been 
tected,  though  it  is  probable  that  if  a  reversal  of  the  magnet 
d  caused  a  change  of  four  mm.  in  the  position  of  the  spot  of 
ht,  this  eflFect  would  have  been  apparent 
We  may  therefore  conclude  that  any  change  of  relative  po- 
itial  on  the  quadrants  of  the  electrometer  caused  by  reversal 

the  magnet  was  probably  less  than  ^  of  that  caused  by 
rersing  the  connections  of  the  electrometer  with  a  Bunsen  . 
II,  as  mentioned  above.     If  now  we  estimate  the  difference 

potential  between  the  plugs  A  and  B,  connected  with  the 
yden  jars,  to  have  been,  as  indicated  by  the  length  of  the 
ark,  equal  to  that  which  would  be  produced  by  10,000  Bun- 
1  cells  in  series,  we  may  conclude  that  any  difference  of 
tential  between  the  other  plugs  C  and  D  which  was  caused 

the  action  of  the  magnet,  must  have  been  less  than  g  p  p^^  ^^  ^ 

the  diflFerence  of  potential  between  A  and  B.  We  must 
cnember,  however,  that  any  change  of  potential  on  C  and  D 
id  to  be  extended  as  well  over  the  comparatively  large  area 

the  electrometer  quadrants.     Professor  Rowland  has  roughly 

timated  the  capacity  of  the  quadrants  as  twenty  times  that  of 

,e  plugs  C  ana  D.     If,  therefore,  these  plugs  had  not  been 

tached  to  the  electrometer,  any  difference  of  potential  between 

lem  due  to  the  action  of  the  magnet  would  nave  been  twenty 

mes  as  great  as  in  the  actual  case,  so  that  instead  of  soo\^o 

c  l^^ve  Aiiloa  of  ^^^  difference  of  potential  of  A  and  B  as  the 

iperior  limit  of  the  difference  of  potential  of  C  and  D  which 

le  magnet  might  possibly  have  produced,  if  C  and  D  had  not 

een  connected  with  the  electrometer.     Representing  the  for- 

ler  difference  of  potential  by  E,  the  latter  by  E',  and  the 

length  of  the  magnetic  field,  about  4000  (cm.-grm.-sec.),  by 

E' 
[,  we  have  for  this  case  of  static  induction  in  glass  = — rji,  if 

)t  zero,  is  less  than  igooUooo- 

Turning  to  the  analogous  case  of  current  electricity  in  the 

irious  metals  and  representing  now  by  E  the  difference  of 

)tential  of  two  points  a  centimeter  apart  in  the  direction  of 

le  current,  and  by  E'  the  difference  of  potential  of  two  points 

centimeter  apart  in  a  direction  at  right  angles  to  that  of 

e  current,   while  M  has  the   same   signification   as  before, 

e  may  write,  as  a  very  rough  estimate  for  the  case  of  iron, 

E' 

~TVf  =iooioooT  while  for  tin  the  value  of  this  ratio  may  be 

small  as  ^oooUooo*  ^®  ^^y  therefore  conclude  that  the 
aipotential  lines  in  the  case  of  static  induction  in  glass,  if 
ected  at  all  by  the  magnet,  are  affected  much  less  tnan  the 
uipotential  lines  in  the  case  of  a  current  in  iron,  but  we  can 
t  say  that  any  such  possible  action  in  glass  has  been  shown 
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to  be  smaller  tban  the  analogous  action  in  the  case  of  a  current 
in  tin. 

I  now  go  on  with  an  account  of  further  investigation  of  the 

Shenomenon  actually  discovered  and  already  in  some  measure 
escribed  in  my  previous  article.     When  writing  that  article  it 

E 

seemed  to  me  instructive  to  deduce  the  ratio,  =>,  of  the  differ- 

ence  of  potential  per  cm.  on  the  longitudinal  axis  of  the  gold 
leaf  strip  to  that  per  cm.  on  the  transverse  axis.     There  were 

E 

thus  obtained  for  the  experiments  made  values  of  — , ,    ranging 

from  3.000  to  6,600  according  to  the  strength  of  the  magnetic 
field.* 

ExM 

At  that  time  I  supposed  that  the  ratio        ,      would   prove 

to  be  a  constant,  not  only  for  diflferent  strips  of  one  metal,  bat 
for  all  conductors.  Subseq^uent  experiments  showed  that  this 
was  not  the  case,  and  in  this  article  the  results  obtained  will  be 

expressed  by  the  ratio  — =7- ,  where  E'  has  the  same  significa- 
tion as  before,  while  M  now  expresses  the  strength  of  the  mag- 

C  t 
netic  field  in  cm.-grm.-sec.  units  and  V=  —   ,  the  strength  of 

the  primary  current  divided  by  the  area  of  section  of  the  con- 
ductor. This  ratio  does  not  prove  to  be  the  same  constant  for 
diflferent  metals  but  for  any  particular  metal  it  seems  much 

more  nearly  a  constant  than  the  ratio  given  above  would 

ill 

be. 

It  may  seem  to  those  who  read  the  following  pages  that  an 
unnecessary  amount  of  study  has  been  devoted  to  gold.    It 
must  be  remembered,  however,  that  many  readers  of  my  pre- 
vious article  were  not  fully  convinced  by  the  evidence  there 
adduced  that  any  really  new  principle  had  been  discovered^ 
thinking  that  the  explanation  of  the  phenomenon  describe<i 
was  possibly  to  be  found   in  some  such  fact  as  the  state  of  m^' 
chanical  strain,   into  which   the   strip  of  gold  leaf  would  \r^ 
thrown  in  its  endeavor  to  move  across  the  lines  of  magnetic 
force  in  obedience  to  the  perfectly  well  known  laws  of  tb  ^ 

♦  In  obtaining  this  latter  quantity,  which  was  called  M,  a  serious  error  w^ 
made  and  the  value  given  was  probably  not  much  moro  than  half  what  it  shou^ 
have  been.  This  fact  was  mentioned  in  a  note  when  the  article  in  questioD 
republished  in  this  Journal  Mar.,  1880,  p.  200,  and  p.  235. 

f  This  quantity  V  may  be  said  to  bear  an  intimate  relation  to  the  absolute 
lodty  of  the  electricity,  for  if  we  were  to  take  as  the  unit  velocity  of  electrid^^ 
that  of  a  unit  current  flowing  through  a  conductor  of  unit  cross-eectionf  the  v^ 

Q 

lodtx  in  a^j  particQlar  case  would  be  a  quantity  3-. 
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action  of  magnets  on  conductors  bearing  currents.  This  being 
the  case,  it  seemed  desirable  to  make  experiments  with  several 
strips  of  the  same  metal  and  determine    whether  the    ratio 

MxV 

•  ^,    would  prove  to  be  a  constant  for  all.     The  dimensions  of 

many  of  the  strips  used,  of  whatever  metal,  are  given  below, 
and  in  order  that  the  conditions  to  which  they  were  variously 
subjected  may  be  more  fully  understood,  there  will  be  given  in 
many  cases  the  strength  of  the  magnetic  field  in  absolute  units 
and  the  strength  of  the  primary  current  through  the  strip, 
the  latter  being  expressea  in  terms  of  the  constant.  A,  of 
the  tangent  galvanometer  used  to  measure  it  This  constant 
there  has  been  no  occasion  to  determine  exactly,  but  it  is 
about  -07. 

It  will  probably  be  readily  admitted  that  the  results  ob- 
tained cannot  be  accounted  for  without  admitting  substantially 
all  that  was  really  claimed  in  the  previous  article.     Even  if  no 
such  quantitative  investigation  had  been  made,  however,  there 
would  still  be  one  fact  inexplicable  on  the  theory  of  an  acci- 
dental cause  for  the  phenomenon  under  consideration.     The 
arrows  in  fig.  2  show  the  direction  of  the  transverse  current 
relatively  to  the  direct  current  in  gold,  the  magnet  pole,  S, 
being  a  south  pole,  i.  e.,  the  pole  attracting  the  north  pointing 
end  of  a  needle.     This  relation  between  the  directions  of  the 
two  currents  and  the  magnetic  force  is  the  same  in  all  of  the 
four  gold  plates  which  have  been  examined  in  this  particular. 
The  same  uniformity  is  observed  in  the  four  silver  plates,  and 
the  three  iron  plates,  which  have  been  tested  in  the  same  way. 
With  the  two  plates  of  tin  which  have  been  examined  there 
has  been  a  trifle  of  uncertainty  upon  this  point,  as  the  eflfect  in 
this  metal  is  at  best  very  small,  but  this  uncertainty  is  hardly 
sufficient  to  cast  doubt  upon  the  correctness  of  the  rule  thatj  so 
far  as  observation  has  gone,  the  relative  direction  of  the  trans- 
verse current  is  always  the  same  for  any  particular  metal.     This 
uniformity  in  so  many  cases  could  hardly  be  accidental. 

This  matter  of  direction  is  evidently  one  of  fundamental  im- 
portance.    The  direction  was  found  to  be  the  same  for  silver 
as  for  gold,  these  being  the  two  metals  first  examined.     Profes- 
sor Rowland,  however,  predicted  that  the  direction  would  be 
reversed  in  iron  and  experiment  verified  the  prediction.     Prof. 
Bowland's  comments  upon  the  significance  of  this  discovery 
are  already  before  the  public*.     It  is  a  seemingly  awkward  fact 
that  in  nickel,  next  to  iron  and  cobalt  the  most  strongly  mag- 
netic substance,  the  direction  of  the  transverse  current  is  the 
same  as  in  gold.    -This  fact  will  be  discussed  further  on.     The 
conductors  which  have,  up  to  this  date,  been  subjected  to  ex- 

*  Am.  Joum.  Math.,  vol.  ii,  p.  356, 
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periment  are  gold,  silver,  iron,  tin,  nickel  and  platinum.     The 
direction  is  the  same  in  all  except  iron. 

■  The  extreme  irregularity  in  the  results  obtained  in  the  early 
part  of  this  course  of  experiments  was  due  to  various  causes, 
only  one  of  which  is  worth  mentioning  here.     This  souixje  of 
error  was  the  shape  of  the  magnet  poles,  which,  being  intended 
for  the  study  of  the  magnetic  rotation  of  polarized  light,  were 
perforated  axially  by  a  hole  several  mm.  in  diameter.     With 
these  poles  the  magnetic  force  was  found  to  vary  many  per 
cent  in  different  parts  of  the  field.     These  poles  were  subse- 
quently replaced  by  solid  ones,  and  a  sufficiently  uniform  field 
was  thus  secured.     It  will,  however,  be  noticed  that  even  after 
this  change  the  results  obtained  on  the  same  day  and  with  the 
same  plate  often  vary  by  several  per  cent     Probably  quite  a 
part  of  this  irregularity  was  due  to  the  faulty  manner  in  which 
the  tangent  galvanometer,  which  measured  the  strength  of  the 
primary    current   through    the   strip,   was    introduced.     This 
source  of  error  can  probably  be  avoided  in  future  measure- 
ments.    Again  it  is  to  be  remembered  that  the  strength  of  the 
transverse  current  was  determined  by  a  delicate  Thomson  gal- 
vanometer, an  instrument  far  more  sensitive  than  accurate. 
In  using  comparatively  thick  strips  of  metal  there  is  especial 
liability  to  error  from,  this  source,  as  a  low  resistance  gal- 
vanometer must  then  be  employed,  which  may  easily  change 
in  sensitiveness  several  per  cent  within  an  hour. 

Much  of  the  disagreement  to  be  observed  in  the  results  ob- 
tained with  different  plates  of  the  same  metal,  is  no  doubt  to  be 
explained  by  the  difficulty  of  determining  with  anything  like 
accuracy  the  thickness  of  the  various  strips  employed.  I  have 
tried  to  determine  approximately  the  thickness  of  the  thinnest 
films  used  by  measuring  the  electrical  resistance,  but  this 
method,  as  will  be  seen,  is  exceedingly  faulty.  The  thicker 
strips  have  been  weighed  before  being  placed  on  the  glass,  but 
even  this  method  fails  to  determine  the  effective  thickness  ac- 
curately. Even  if  the  specific  gravity  were  the  same  for  all 
the  strips,  and  it  probably  is  not,  the  value  thus  obtained  for 
the  thickness  would  give  only  the  average  thickness,  and  this 
is  by  no  means  the  eftective  thickness.  It  will  be  remembered 
that  the  connections  leading  to  the  Thomson  galvanometer  are 
placed  opposite  to  each  other  with  the  width  of  the  metal  strip 
between  them.  The  effective  thickness  is  the  average  thick- 
ness along  the  line  joining  these  two  side  connections.  Gold 
foil  is  obtained  in  sheets  ten  or  twelve  cm.  square.  It  will  be 
seen  further  on,  that  in  one  case  two  strips  cut  from  similar  po- 
sitions in  the  same  sheet  differed  in  average  thickness  about 
seven  per  cent  This  being  the  case  it  seemed  quite  possible 
that  the  effective  thickness  of  any  strip,  as  defined  above,  may 
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many  per  cent  from  the  mean  thickness  indicated  by  the 

these  sources  of  error  being  considered,  the  discrep- 
j  which  will  be  observed  in  the  results  to  be  given,  will 
e  surprising. 

single  complete  series  of  observations  consisted  of  the 
ring  parts : 

A  determination  of  the  extent  to  which  the  indicator  of 
'homson  galvanometer  was  aflfected  by  the  direct  influ- 
of  the  magnet  and  the  magnetizing  current. — All  that  it 
necessary  to  ascertain  in  this  case  was  the  change  in 
on  of  the  galvanometer  indicator  caused  by  reversing 
urrent  through  the  magnet  This  usually  amounted  to 
>r  two  mm.  and  subsequent  readings  of  the  Thomson 
nometer  were,  when  it  was  necessary,  corrected  accord- 

1.  A  determination  of  the  strength  of  the  magnetic  field. — 
was  done  by  withdrawing  suddenly  from  the  field  a  small 
onsisting  of  a  few  turns  of  wire  and  observing  the  effect 
s  action  on  a  delicate  galvanometer  placed  in  circuit  with 
)il.*  The  galvanometer  was  used  with  a  mirror  and  scale 
ae  readings  actually  obtained  were  reduced  by  the  formula 


,    0       n  /      U/nY\ 


)  n  is  the  actual  reading  and  r  the  distance  from  the  mir- 
'  the  scale.  The  constant  of  the  galvanometer  not  being 
n,  its  sensitiveness,  that  is  the  significance  of  its  readings 
solute  measure,  was  determined  whenever  the  strength  of 
agnetic  field  was  to  be  found.  This  was  efi'ected  by  means 
earth  inductor  placed  in  circuit  with  the  galvanometer  and 
^t  coil  used  with  the  magnet.  The  determination  of  the 
5^h  of  the  magnetic  field  therefore  involves  two  series  of 
vations,  one  with  the  earth  inductor  and  one  with  the  test 

A  determination  of  the  sensitiveness  of  the  Thomson 
nometer. — This  was  done  by  sending  through  it  a  current 
lown  strength  obtained  by  shunting  the  current  from  a 
tin  cell,  the  main  current  being  measured  with  a  tangent 
nometer. 

.  The  main  experiment. — The  primary  current  through 
letal  strip  measured  with  the  tangent  galvanometer  just 
in  of,  and  the  efi'ect  of  reversing  the  magnet  observed  on 
:ale  of  the  Thomson  galvanometer. 

.  Another  determination  of  the  sensitiveness  of  the  Thom- 
alvanometer. — Method  as  described  above. 

»rland,   "On  a  Magnetic  Proof  Plane,"  this  Journal,  vol.  x,  p.  14,  1875. 
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6th.  Another  series  of  observations  with  the  test  coiL 

7th.  Another  series  of  observations  with  the  earth  inductor. 

8th.  Another  determination  of  the  direct  action  of  the  mag- 
net on  the  Thomson  galvanometer. 

If,  as  was  usually  the  case,  several  series  were  to  be  made 
with  the  same  plate  in  one  day,  for  the  purpose  of  using  pri- 
mary currents  of  various  strengths,  the  sensitiveness  of  the 
Thomson  galvanometer  was  tested  before  each  main  series  of 
observations  and  after  the  last. 

The  mean  of  two  values  found  for  the  sensitiveness  of  the 
Thomson  galvanometer  was  of  course  taken  to  be  the  sensi- 
tiveness during  the  series  of  observations  intervening.  It  was 
not  found  necessary  lo  determine  the  strength  of  the  magnetic 
field  more  than  twice  during  a  half  day's  observations. 

In   working  up  these  observations   the  following  formula 
applies : 

sm  — -  ,  ^ 
2  k  tan  a 


7460  H 


^'     wt 
Tkr     XT  Sin  -— 

MxV  2 


E'     ""  dk  t&n  Gpr 

M,  V,  and  E'  have  been  already  defined. 

7460  =  twice  the  integral  area  of  the  earth  inductor  divided  by 
the  integral  area  of  the  test  coil.  Twice  the  simple  ratio  of 
these  two  areas  is  taken,  for  the  reason  that  the  earth  induc- 
tor coils  are  turned  through  180°  when  used. 

H  :=  horizontal  intensity  of  earth's  magnetism  at  position  of  earth 
inductor. 

sin  —  =:  a  quantity  relating  to  effect  on  the  galvanometer  used 

with  test  coil,  produced  by  withdrawing  the  latter  from  the 
magnetic  field. 

sin  —  =  a  similar  quantity  relating  to  the  galvanometer  and  the 
St 

earth  inductor. 

k  =  constant  of  tangent  galvanometer. 

a  =  reading  of  tangent  galvanometer  when  measuring  primary 
current  through  the  metal  strip. 

w  =z  effective  width  of  metal  strip. 

f  =  effective  thickness  of  metal  strip. 

d=,  difference  in  readings  on  the  Thomson  galvanometer  scale 
caused  by  revereing  magnet  in  the  main  experiment. 

d'  =  difference  in  readings  on  same  scale  caused  by  reversing 
current  in  determining  sensitiveness  of  the  Thomson  gal- 
vanometer. 

0  =  reading  of  tangent  galvanometer  when  measuring  current 
used  to  determine  sensitiveness  of  Thomson  galvanometer. 
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>  =:  proportion  of  above  current  which  passes  through  the  Thom- 
son galvanometer. 

'  =.  total  resistance  of  circuit  containing  Thomson  galvanometer 
during  main  experiment. 

The  above  formula  reduces  to  the  form 

«r     TT      ^7460  sin  -tSLuadU 

Mxy_  2 

t  dp  r  tan  0  sin  — 
^  2 

It  will  be  seen  that  k  and  w  have  disappeared.  The  elimi- 
nation of  w  is  a  very  important  fact  as  this  would  be  an  exceed- 
ingly difficult  quantity  to  determine  with  accuracy.  As  the 
case  stands,  it  is  not  at  all  important  to  preserve  the  form  of  the 
metal  strip  afler  its  thickness  has  been  determined.  This  makes 
the  adjustments  of  the  side  connections  (see  fig.  1),  leading 
to  the  Thomson  galvanometer,  a  matter  of  considerable  ease. 

The  following  pages  give  some  details  of  the  study  of  the 
various  metals  examined. 

Gold. 

The  experiments  which  furnished  the  results  already  pub- 
lished, were  made  with  gold  leaf  so  thin  as  to  be  transparent 
In  order  to  reduce  those  results  to  the  form  since  adopted,  it 
would  be  necessary  to  know  the  thickness  of  the  gold  strip. 
This  thickness  might  be  determined  roughly,  if  we  knew  the 
the  specific  resistance  of  the  material  and  the  actual  resistance 
of  the  strip,  which  is  now  destroyed.  The  latter  value  is 
known  approximately,  and,  by  assuming  the  specific  resistance 
to  have  been  that  of  pure  gold,  we  might  arrive  at  a  value  of 

MxV 

the  ratio — ^^7—.     This  value,  however,   would  be  very  much 
ill 

larger  than  that  obtained  when  thicker  strips  of  metal  are  used, 
and  facts  to  be  hereafter  mentioned  make  it  appear  quite  prob- 
able that  the  thickness  of  the  strip,  as  above  arrived  at,  is  sev- 
eral times  smaller  than  the  true  thickness.* 

Withoat  attempting  therefore  any  accurate  determination  of 
the  constant  of  this  first  strip  (A),  I  pass  on  to 

Gold  Leaf,  Plate  (B). 

This  plate  also  is  of  very  thin  metal,  and  in  general  I  shall 
use  the  term  gold  lea/]  when  speaking  of  the  metal  in  this 
shape,  and  use  the  term  gold  foil  to  denote  the  strips  of  con- 
siderable thickness.  • 

*See  also  Albert  v.  Ettingshaiisen,  "BestimmuDg  der  Absoluten  Greschwindig- 
keit"  et<x  Sitzungsberichte  Akad.  Wien,  vol.  Ixxxi,  p.  446,  1880.  lie  found  the 
value  of  the  thickness  indicated  bj  the  weight  in  similar  cases,  to  be  from  four  to 
ten  times  as  great  as  that  mdicated  by  the  resistance. 
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This  second  plate  of  gold  leaf  was  not  constructed  until  after 
several  thick  plates  had  been  tried  and  found  to  give  very  dif- 
ferent  results  from  those  obtained  with  the  first  thin  plate  in  the 
manner  described  above.      Thinking  that  some  experimental 
error  in  the  first  measurements  might  account  for  the  discrep- 
ancy, and  the  first  plate  being  destroyed,  I  constructed  the  sec- 
ond one.     In  making  observations  with  this  plate  I  first  used 
the  high  resistance  Thomson  galvanometer,  whereas  the  low 
resistance  instrument  had  been   used  with  the   thick  plates. 
Thinking  that  I  might  in  changing  instruments  have  fallen 
into  some  error,  I  afterward  made  another  series  of  observa- 
tions with  the  same  plate,  but  using  the  low  resistance  galva- 
nometer.     The  results  were,  the  thickness   here  also  oeing 
estimated  as  above  described, 

M  V  V 

March  18,  with  high  resist,  galv.,  — ^— =  622  X  10" 

**  *'         "  "  **        =  637 

"      19,      "      low  ''  "       =681 

Mean  "       =  647  X  10" 

This  result  is  about  four  times  as  large  as  those  found  with 
thicker  plates.  Arguing  from  these  facts  alone,  it  would  appear 
that  the  transverse  effect  in  thin  leaf  gold  is  relatively  much 
smaller  than  the  effect  in  strips  of  sensible  thickness,  but  this  is 
hardly  a  safe  conclusion.  Three  objections  to  the  above 
method  of  determining  the  thickness  by  means  of  the  resist- 
ance are  evident ;  1st,  gold  leaf  so  thin  as  to  be  transparent 
is  bv  no  means  continuous,  but  is  perforated  by  a  multitude  of 
small  holes,  so  that  the  electricity  is,  as  it  were,  obliged  to  wind 
or  zigzag  its  way  through  the  strip,  thereby  haviae  a  longer 
path  and  meeting  a  greater  resistance,  than  if  it  could  pursue  a 
airect  course :  2d,  gold  leaf  is  an  alloy  about  twenty-three 
carats  fine,  and  the  resistance  of  such  alloys  is  often  much  larger 
than  that  of  either  of  the  pure  metals :  3d,  it  is  difficult  to  se- 
cure ffotxl  contact  at  the  ends  of  the  strip.  In  the  plate  under 
considomtion  this  contact  was  probably  very  bad,  and  may  have 
been  many  per  cent  of  the  whole  resistance  of  the  plate  as 
mensurod. 

All  these  sources  of  error  affect  the  result  in  the  same  way. 
To  com|XMiSi\to,  it  would  be  necessary  to  diminish  the  resistance 
as  measure^!  and  then,  in  dcilucing  the  thickness,  use  a  specific 
resistance  higher  than  that  belonging  to  gold.  In  using  thin 
silver  plates  I  have  in  a  rousrh  wav  made  a  correction  for  the 
ern^r  due  to  contact  resistance,  but  the  ^o\A  leaf  is  in  several 
respects  so  unsuitable  for  anything  like  accurate  work,  that  it 
diH^s  not  seem  worth  while  to  sj^nd  any  more  time  upon  it  at 
present.     In  fact  I  would  in  the  present  article  dismiss  the  sab- 
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ject  of  gold  leaf  strips  with  a  ver^  few  words,  were  it  not  the 
case  that,  in  a  matter  of  this  kind,  it  seems  proper  that  the  pub- 
lic should  be  informed  of  any  facts  that  have  the  slightest 
suspicious  appearance. 

The  gold  plates  which  are  now  to  be  described,  were  of 
comparatively  thick  metal,  such  as  is  used  by  dentists.  The 
metal  in  this  shape  is  said  to  be  very  pure,  and  the  thickness 
was  so  considerable  as  to  make  it  possible  to  weigh  the  strips 
with  sufficient  accuracy.  The  determination  of  the  thickness 
in  this  way  involves  the  assumption  that  the  specific  gravity  is 
that  given  by  the  tables,  but  the  error  from  this  source  must 
be  very  much  smaller  than  the  sum  of  those  introduced  by 
employing  the  resistance  method. 

Gold  used  by  dentists  is  classed  under  various  heads  accord- 
ing to  the  manner  of  tempering.  The  kinds  I  have  used  are, 
I  think,  "soft,"  or  possibly  "semi-cohesive,"  and  "hard,"  or 
"cohesive."  I  noted  the  varieties,  thinking  that  specific  pecu- 
liarities might  possibly  appear  in  their  behavior.  The  number 
attached  to  each  plate  is  the  commercial  number  of  the  speci- 
men and  indicates  approximately  the  number  of  grains  in  a 
sheet  about  ten  cm.  square.  The  letters  attached  are  intended 
to  distinguish  different  plates  constructed  from  gold  of  the 
same  number. 

Gold  Foil,  No.  6  {A). 

This  strip  was,  I  believe,  of  the  kind  called  by  dentists 
"hard,"  or  "cohesive."  To  determine  the  thickness  it  was 
weighed  before  being  attached  to  the  glass.  Previous  experi- 
ment having  shown  the  great  variation  in  thickness  between 
different  parts  of  a  sheet  of  gold  foil,  this  strip  was  cut  before 
weighing  into  nearly  the  same  shape  and  size  that  it  was  to 
have  on  the  glass. 

The  strip  was  in  general  shape  a  parallelogram  with  a  pro- 
jection from  the  middle  of  each  of  its  longer  sides.  The  use 
of  these  projections,  which  were  much  reduced  in  size  before 
making  the  observations,  has  been  already  explained. 

Length  of  strip  when  weighed  =  8*50  cm. 

Width        'I  "  =  2-14    " 

Area  including  projections  z=20'5      "    sq. 

Weight  =     .0848  grms.      . 

Taking  the  specific  gravity  of  gol^l  at  19"86,  the  value  given 
by  Ganot  for  "gold  stamped,"  we  find 

Thickness  =  -000214  cm. 

With  this  plate  many  series  of  experiments  were  made,  yield- 
ing most  of  the  time  results  which  were  very  discordant,  owing 
to  various  disturbing  causes,  some  known  and  others  perhaps 
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unknown,  to  which  allusion  has  already  been  made.  The  re- 
sults obtained  every  day,  except  the  last  of  my  working  with 
this  plate,  are  so  discordant,  that  in  preparing  them  for  pubh- 
cation  it  does  not  seem  worth  while  to  go  over  again  the  great 
mass  of  jSgures  involved,  for  the  purpose  of  correcting  any 
small  errors  of  calculation.     The  results  obtained  were 

M  X  V 

February  20th  — ^i— =  134  X  10*" 

"  "  "  =136 

"  23d  "  =163 

"  "  "  =159 

"  "  "  =  166 

"  26th  "  =160 

"  "  "  =149 

"  «  «  =157 

"  27th  "  •     =152 

"  u  u  =147 

Mean   "       =  162  X  10** 

Eeplacing  now  the  old  perforated  poles  of  the  electro-mag- 
net by  solid  new  ones  and  removing  one  or  two  other  sources 
of  error,  I  found 

M  X  V 

March  5th  — Qj—  =  160  X  10" 

ill 

"  "  "       =  160 

"         «         «       =154 

Mean   "      =  1513  X  10* 

The  strength  of  the  magnetic  field  was,  as  usual,  determined 
twice  on  March  5th,  once  before  and  once  after  the  other  ob- 
servations. The  two  values  varied  by  something  more  than 
one  per  cent  The  mean  of  the  two  is  taken  as  the  uniform 
strength  for  the  day.  The  strength  of  the  primary  current 
sent  through  the  gold  strip  was  much  varied  for  the  different 
series  of  observations. 

Thus  we  may  write  as  corresponding  to  the  above  three 
values 

Stren(]^h  of  Field.  Strength  of  Primary  Current. 
M.  C. 

6400  k  X  tan  23°  44' 

«  "         «    42°  14' 

when   k  is  the  constant  of  the  tangent  galvanometer  —  '01 
nearly. 

The  agreement  between  the  mean  of  the  various  results  pre- 
viously obtained  and  the  mean  of  those  found  March  5th,  was 
considered  satisfactory,  and  the  next  measurements  were  made 
with 

t 
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Gold  Mil,  No.  6. 

The  metal  in  this  plate  was,  I  believe,  either  "soft,"  or  **  semi- 
ohesive." 

Length  of  strip  when  weighed  i=  8*49  cm. 

Width        "  "  =  about  3-28    " 

Area  including  projections         =  30*0      "    sq. 

Weight  =  -1122  grm. 

Thickness  =  -000188  cm. 

This  strip  after  being  placed  on  the  glass  was  trimmed  down 
to  a  width  of  about  2*32  cm.,  and  the  mean  thickness  of  this 
strip  was  no  doubt  quite  diflFerent  from  the  value  above  ob- 
tained. This  strip  was  reduced  in  wi4th  after  being  weighed 
more  than  any  otner  that  has  been  used,  and  this  fact  may 
account  for  the  discrepancy  between  the  results  obtained  with 
it  and  those  obtained  with  the  strips  of  No.  6,  already  de- 
scribed, and  of  No.  4,  which  is  to  be  described  next. 

With  No.  6  were  made  four  series  of  observations,  resulting 
thus: 

M  X  V 
M.  C.  E' 

Mar.     8th,  6400  k  X  tan  42°  26'  161  X  lO*' 

"  "     6330  "         "    26°     2'  163 

"      lOth,  6440  "         "    22°  48'  162.' 

"         "     6440  "         "    43°     0'  164 

Mean  rz  1626  X  10* 

The  next  plate  used  was 

Gold  Foil,  No.  4  (soft). 

Length  when  weighed  =  7*64  cm. 

Width  "  =  2-13    " 

Area  including  projections  =:  18*46    "    sq. 

Weight  =     -0478  grm. 

Thickness  =     -000134  cm. 

With  this  plate  four  series  of  observations  were  made  in  one 

day. 

The  results  obtained  March  12th  were 

M  X  V 
M.  C.  E' 

6480  k  X  tan  22°  21'  156  X  10'* 

"  "         "    26°  26'  166 

"  "         "    42°   16'  164 

"  "         '*    28°  43'  164 

Mean  =  1545  X  10* 

Measurements  had  now  been  made  with  three  plates  of  gold 
foil,  and,  considering  the  irregularity  likely  to  be  produced  by 
the  impossibility  of  determining  accurately  the  effective  thick- 
ness of  the  strips,  the  results  seemed  to  agree  satisfactorily, 
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MxV 

indicating  — =j;-  to  be  a  constant  for  this  metal.     K  the  ex- 

ill 

periments  in  gold  had  began  with  these  particular  plates,  they 
would  probably  have  ended  with  them  for  the  present.  Owing, 
however,  to  the  great  discrepancy  observed  between  these  re- 
sults and  those  obtained  with  the  very  thin  plates  it  seemed 
desirable  to  go  further,  and  I  therefore  constructed  a  plate 
using 

Gold  FoUy  No.  30  (A),  (aemi-coJiesive  f). 

Length  of  strip  when  weighed  =  S'YB  era. 
Width         "  "  z=  1  -086  " 

Area  including  projections         =  7*36    "    sq. 
Weight  =      161  grm. 

.•.     Thickness  =     •001129  cm. 


With  this  plate 


MxV 
M.  C.  ""e^ 


Apr.  20th,  6520  k  X  tan  48°  38'  123  X  lO'* 

*'      23d,    6600  "         "    31°  30'  124 

"        "  "  "         "    40°  39'  128 

Mean  =  1250  X  10' 

This  value  is  about  twenty  per  cent  lower  than  the  mean  of 
those  obtained  with  the  three  plates,  Nos.  4, 5,  and  6,  previously 
used.  The  discrepancy  was  so  great,  that  another  plate  was 
made  with  a  strip  cut  from  the  same  sheet  as  No.  SO  (A). 

Gold  Foil^  No.  30  (B),  {semi-cohesive  .^). 

Ijength  of  strip  when  weighed  =  6*69  cm. 

Width        "  "  =  1-08   " 

Area  including  projections  =   7.33    "     sq. 

Weight  "  =     "149  grm. 

.  • .     Thickness  =     -00105  cm. 

It  will  be  seen  that  the  strips  (A)  and  (B),  cut  from  similar 
positions  in  the  same  sheet  of  metal,  differ  about  seven  per 
cent  in  mean  thickness.  The  importance  of  this  fact  bas 
already  been  pointed  out  The  difference  in  thickness  thus 
found  was  so  great,  that  I  at  first  supposed  a  mistake  must  have 
been  made  in  weighing  the  first  strip,  thereby  giving  too 
large  a  value  for  the  weight  I  therefore  removed  the  strip 
from  the  glass  plate  and  weighed  it  again.  The  result  con- 
firmed the  original  value  obtained. 

With  the  new  plate,  Na  80  (B\  I  found 

M.  C  — p- 

Apr.  26th,  6760      k  X  tan  68°  0       139  X  10" 
«*      *'       «    u  390  26'      141 

Mean    =  1400  X  10* 
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This  value  is  much  nearer  those  obtained  with  the  plates  4, 
5,  and  6,  but  even  now  there  is  a  discrepancy  of  eight  or  ten 
per  cent  Without  discussing  this  matter  any  further  at  pres- 
ent, I  pass  on  to  tell  what  has  been  observed  with 

Silver. 

Measurements  have  been  made  with  four  separate  plates  of 
this  metal.  The  thickness  of  the  strip  was  estimated  in  one 
ease  by  weighing,  in  the  three  others  by  measuring  the  elec- 
trical resistance.  I  will  give  first  the  results  obtained  with  the 
thick  strip. 

Silver  Foil,  No.  10. 

TiCngth  of  strip  when  weighed  =  7*98  cm. 

Width         "  "  =  1-07    " 

Area  including  projections  =  9*23    "   sq. 

Weight  •=     '0474  grra. 

.  • .   Thickness  (taking  sp.  gr.  to  be  10*47)  =     '000491  cm. 

With  this  palate 

M  X  V 
M.  C.  y/ 

Apr.  2l8t,  6680              k  X  tan  49°  17'             114  x  10" 
"  "  "         "    32°  20'  118 


Mean  =  1160  x  10* 

Two  of  the  other  plates  were  prepared,  not  by  fastening  sil- 
ver leaf  to  glass  with  shellac,  but  by  depositing  from  a  solu- 
tion the  silver  directly  upon  the  glass.  The  process  made  use 
of  for  this  purpose  was  Boettger's,  as  detailed  in  this  Journal 
for  1867.  The  two  plates  were  cut  from  the  same  piece  of 
glass  after  coating. 

Silver  Film  (A). 

Length  between  the  contact  blocks  =  6*06  cm. 
Width  =  2-46  cm. 

Electrical  resistance,  as  measured,    =  1  -45  ohms. 

Knowing  that  the  contact  resistance  must  be  quite  a  part  of 
this  value,  I  endeavored  to  determine  its  amount  roughly  in 
the  following  manner.  Having  obtained  the  above  value,  145 
ohms,  and  measured  the  distance  between  the  blocks,  I  short- 
ened the  strip  by  placing  the  blocks  nearer  together,  then 
measured  the  length  and  again  determined  the  resistance  of  the 
whole.  This  process  was  repeated,  thus  giving  three  values  of 
tlie  resistance  corresponding  to  the  three  lengths  of  the  strip 
employed.  From  these  values  the  contact  resistance  is  readily 
determined,  though  of  course  very  roughly.  It  appeared  to  be 
equal  to  the  resistance  of  about  2*7  cm.  of  the  strip  itself,  and 
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therefore  in  estimating  the  thickness  of  the  strip  from  the  elec- 
trical resistance,  the  effective  length  of  the  strip  was  taken  to  be 
not  605  cm.,  but  8*8  cm.  Assuming  the  specific  resistance  of 
the  silver  in  this  plate  to  be  '00000165  ohms,  the  value  given 
by  Jenkin  for  ^Miard  drawn''  silver,  we  obtain  as  the  thick- 
ness of  the  strip  -00000407  cm.  It  will  be  shown  below  that 
this  value  is  probably  very  much  too  small,  but  I  will  for  the 
moment  give  the  results  obtained  on  the  basis  of  this  estimation 
of  the  thickness. 

Passing  over  a  result  obtained  at  quite  an  early  period  of 
the  experiments,  and  which  there  are  excellent  reasons  for  re- 
jecting, we  have 

M  X  V 

M.  c.  ~W~ 

Jan.  30th,  7120  k  X  tan  43°  33'  48T  X  10" 

u  u  tc         «    jgo  .^2'  499  X  lO'* 

Mean  493~X  10'* 

The  discrepancy  between  this  result  and  that  obtained  with 
the  thicker  strip  of  silver  was  so  great,  that  I  determined  to  try 

JSilver  Film  (B). 

I  have  assumed  the  thickness  of  (B)  to  be  the  same  as  that 

of  (A).     The  other  dimensions  are  about  the  same,  and  the 

result  is 

M  X  V 
M.  0.  E' 

May  4th,    6640  k  X  tan  47°  30'  491  X  10" 

The  agreement  of  this  result  with  the  mean  of  those  just  pre- 
ceding is  entirely  satisfactory,  and  the  discrepancy  above  men- 
tioned, as  existing  between  the  results  with  plates  of  different 
kinds,  is  confirmed.  This  disagreement  was  so  large  as  to  be 
difficult  to  account  for,  without  the  hypothesis  of  a  specific 
difference  exhibited  by  different  forms  of  the  same  metal,  under 
the  conditions  of  the  experiment  To  be  sure  the  method  of 
estimating  the  thickness  from  the  electrical  resistance  was  open 
to  suspicion.  Among  other  probable  sources  of  error  there  was 
the  possibility  of  having  assumed  a  wrong  value  for  the  spe- 
cific resistance  of  the  silver  in  this  condition.  It  did  not  ap 
pear  to  me  probable  that  an  error  of  about  400  per  cent  could 
be  accounted  for  in  this  way,  but  it  seemed  worth  while  to 
attempt  a  determination  of  the  thickness  of  the  films  by  another 
method. 

Plate  (A^  was  taken  and  cleaned  with  alcohol  to  remove  the 
particles  of  cement  adhering  to  the  glass  and  metal.  The 
area  of  the  silver  film  was  roughly  determined,  and  the  plate 
was  dried  and,  when  cool,  carefully  weighed.     The  silver  was 
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removed  by  dissolving  in  nitric  acid,  after  which  the 
was  again  dried  and  weighed.     In  addition  to  this  the  so- 

I  of  silver  was  filtered  and  treated  with  hydrochloric  acid, 
precipitate  was  filtered  off,  and  the  silver  reduced  by  burn- 
s-ith  the  filter  paper.  The  amount  of  silver  on  the  glass 
hus  estimated  in  two  ways.  According  to  the  weight  lost 
e  plate  the  amount  of  silver  appeared  to  be  4*3  mgr. 'while 
noun*  obtained  by  the  chemical  process  was  only  about 
igr.     There  are   good   reasons  for  thinking  the   former 

too  great  and  some  reasons  for  thinking  the  latter  too 
.     Giving  the  latter  double  weight  in  taking  the  mean  we 

'3  I  2X2'5 

—^ =3'1  morr.  for  the  amount  of  silver  in  the  film. 

3  ° 

area  covered  by  this  on  the  glass  was  about  20  sq.  cm. 
ig  the  specific  gravity  of  silver  to  be  10*5,  we  get  for  the 
ness  of  the  film 

•0031 

t  =  — ; =  -0000148  cm. 

20  X  10-6 

is  value  is  more  than  3*6  times  as  large  as  that  obtained 
e  resistance  method.  In  order  to  make  perfect  accord  be- 
3  the  results  obtained  with  the  two  kinds  of  silver  plates, 
hickness  would  need  to  be  rather  more  than  four  times  as 
as  that  obtained  by  the  resistance  method,  but  consider- 

II  the  difiiculties  of  i\\e  case,  it  seems  to  ine  that  the  large 
epancy  still  existing  is  within  the  limits  of  experimental 

In  pra«jenting  the  results  of  all  the  experiments  in  tab- 
form  further  on  I  shall  give  the  results  obtained  with  these 
r  films  as  calculated  on  the  basis  of  the  larger  value,  i.  e., 
•148  cm.,  found  for  the  thickness. 

jntion  is  made  above  of  a  fourth  plate  of  silver.  This 
ilso  of  a  very  thin  film,  but  the  silver  was  fastened  to  the 
with  shellac  instead  of  being  deposited  from  a  solution, 
silver  was  in  the  same  state  as  that  of  the  thickest  plate, 
:he  results  of  measurements  with  it  accord  sufficiently  well 
those  obtained  with  that  plate.  As  the  resistance  method 
employed  in  estimating  the  thickness,  it  does  not  seem 
h  while  to  publish  the  results  obtained. 

Iron. 

easurements  have  been  made  with  three  separate  plates  of 
The  first  two  plates  were  made  early  in  the  research  and 
quantitative  results,  like  all  others  obtained  at  that  time,  are 
ily  reliable  enough  to  be  worth  publishing, 
he  dimensions  of  the  third  strip  were  as  follows  : 
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Length  as  weighed  =5*68  cm. 

Width  "  =  1-08    " 

Area  including  projections  =  7*16    "    sq. 

Weight  =     -193  grm. 

.  • .    Thickness  (taking  sp.  gr.  =  7*79)  =     '00347  cm.* 

With  this  plate  the  following  results  were  obtained  : 

Mxyt 
M.                           c.                              E' 
Apr.  29th,  6680              k  X  tan  88''  37'         —127  X  10* 
"  "  "        "    49°   13'         -130 

Mean  =— 1285X10^ 

Platixum. 

One  strip  of  this  metal  has  been  used. 

Length  as  weighed  =  6*32  cm. 

Width  "  =z  1-078" 

Area  including  projections  =  7*57  •"    sq. 

Weight  =  '457  grm. 

.  • .  Thickness  (taking  sp.  gr.=:22-l)=  '00274  cm. 

With  this  strip  only  one  series  of  observations  was  made  and 
that  was  rather  a  hasty  one  ;  I  found 

M  X  V 
M.  C.  K' 

Apr.  28th,  6830  k  X  tan  66°     2'  417  X  10" 

Nickel. 

There  was  some  difficulty  in  obtaining  a  strip  of  this  metal 
of  proper  shape  for  the  experiment  The  piece  used  was  ob- 
tained by  stripping  off  the  nickel  plating  from  a  piece  of  bmss, 
upon  which  tne  deposit  had  been  purposely  laid  in  such  a  man- 
ner as  to  make  it  easy  to  remove.  The  strip  thus  obtained  was 
narrow  and  irregular  in  shape  and  its  thickness  cannot  readily 
be  determined  at  present,  so  that  I  do  not  attempt  to  give  nu- 
merical results  for  this  metal.  The  main  object  in  using  it  was 
to  determine  the  direction  of  the  new  effect  therein,  nickel 
being,  next  to  iron  and  cobalt,  the  most  strongly  magnetic  sub- 
stance.   As  already  stated,  this  direction  was  found  to  be  oppo- 

•  The  plates  of  very  thin  rolled  iron  used  were  fbmishcd  me  by  Prof.  Row- 
landf  who  is  indebted  for  a  supply  of  the  same  to  the  courtesy  of  Pro!  Langley 
of  Allegheny  Observatory. 

f  It  is  evident  that  the  values  of  this  ratio  thus  obtained  for  iron  are  to  some 
extent,  perhaps  to  a  great  extent,  fictitious,  for  of  course  the  strength  of  the  mag* 
netic  field  within  the  iron  plate  itself  is  the  effective  strengrth  in  the  experiment; . 
and  this  is  probably  very  different  from  the  value  of  M  as  determined  by  means  of 
the  test  coil.  It  seems  best,  however,  for  the  present,  to  employ  this  latter  value 
of  M,  which  must  bear  an  intimate  relation  to  the  true  value,  and  which  has  the 
great  advantage  of  being  easily  determinable.  Nickel  has  hardly  been  examined 
quantitatively  as  yet,  and  platinum  is  not  sufficiently  magnetic  to  present  any 
difficulty  of  this  sort 
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site  to  that  in  iron.  The  action  in  nickel,  though  not  really 
tiieasuied,  was  seen  to  be  very  decided,  and  may  possibly  prove 
to  be  as  strong  as  that  in  iron. 

Tin. 

The  action  in  this  metal  is  very  small  and  has  not  been 
measured  with  any  accuracy.  Its  magnitude  may  be  ^  that 
of  the  action  in  gold. 

No  other  conductors  have  been  tested  in  such  a  manner  as  to 
warrant  an  expectation  of  detecting  an  action. 

In  the  following  table  the  results  obtained  with  the  diflTerent 
metals  are  brought  together.  Those  obtained  with  very  thin 
strips  will  be  marked  thus  (?^  for  reasons  which  must  be  evi- 
dent to  any  one  who  has  reaa  the  preceding  pages : 
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it 
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MeUl  PlAte.  M. 

Gold,  No.  6[**hard"] 

6400 
6400 
6400 

"    No.  5  [soft  or  semi-cohes.]  6400 

"       "  6330 

"  6440 

•        "  6440 

■    No.  4  ['*  soft"]  6480 

6480 

"  6480 

"  6480 

"    No.  30  (A)  [semi-cohes.  ?]  6520 

'*        •'  6600 

"        "  6600 

"      (B)  [semi-cohes.  ?]  6760 

••        "  6760 

Sflver,  No.  10  6580 

6580 
7120 
7120 
6640 
6680 
6680 
6830 
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[deposited]  (A) 

ti 

(B) 


It 


ti 


•  ( 


t( 


(t 


.t 


t( 


(( 


(t 


t( 


It 


t( 


tt 


ti 


(( 
(( 
1( 
(( 
(t 
tt 
ti 
i( 
(i 
t( 
tt 
tt 
>t 
t( 
ti 
it 
it 
tt 
tt 
it 
it 
it 
tt 


42° 
49* 
42*= 
26* 
22* 
43* 
22* 
26* 
42* 
28' 
48* 
31* 
40* 
68* 
39' 
49^ 
32* 
43* 
19* 
47* 
38^ 
46* 
66' 


44' 
14' 
28' 
26' 

2' 
48' 

0' 
21' 
25' 
16' 
43' 
38' 
30' 
39' 

0' 
26' 
17' 
20' 
33' 
32' 
39' 
37' 
13' 

2' 


JMXV 

E' 
10>» 
10»« 
10»® 
10»» 
10»« 
10»<> 
10^ 
10»« 
10»o 
10»o 
lO'o 
10>o 

lO'o 
10><> 
10»o 
10»o 
10»<» 
10»o 
10^0 
10>o 
10»o 


152x1 

150x1 

160x1 

154x1 

161x1 

163x1 

162x1 

164x1 

155x1 

165x1 

154x1 

154x1 

123x1 

124x1 

128x1 

139x1 

141x1 

114x1 

118x1 

134x1 

137x1 

127x1 

130 

1. 


1516  X  10* 


t 


1625  xlO» 


1 1545  X 10» 

1250  xlO» 

1400  xlO» 

1160  X  10* 

1365 X 10* ? 
1350  xlO»? 
1 1285x108 
4170  X 10» 


Xiekel— effect  large,  possibly  as  stroDg  as  in  iron. 
Tin— effect  probably  much  smaller  than  in  platinum. 

This  table  enables  us  to  arrange  the  metals  so  far  examined, 
excepting  nickel,  in  order  with  respect  to  the  magnitude  of  the 
action  observed  in  them.  Opposite  each  metal  in  the  following 
list  is  placed  a  number  representative  of  this  magnitude.  In 
the  case  of  gold  this  number  is  a  quantity  inversely  propor- 
tional to  the  mean  of  the  results  obtained  with  the  five  differ- 
ent plates  named  above.  In  finding  the  corresponding  number 
for  silver,  I  have,  for  obvious  reasons,  used  only  the  result  ob- 
tained with  the  plate  of  No.  10.  The  representative  number 
given  for  tin  has  been  very  roughly  estimated  and  may  be  one 
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or  two  hundred  per  cent  larger  or  smaller  than  the  true  num- 
ber.    All  the  numbers  given  must  of  course  be  taken  as  at  best 
only  rough  approximations  to  the  true  representative  numbers. 
We  find  then 

Iron  —  78*  Platinum  2*4 

Silver      8-6  Tin  -2  (?) 

Gold        6-8 

This  arrangement  is  made  on  the  basis  of  defining  the  magni- 
tude of  the  action  studied  as  a  quantity  inversely  proportional 

M  X  V 

to  — j^, — .     If  on  the  other  hand  we  were  to  define  the  same  as 

M  V  G 

inversely  proportional  to  — —, — ,  rather,  E  being  the  difference 

of  potential  of  two  points  a  centimeter  apart  on  the  longitud- 
inal axis  of  the  metal  strip,  the  representative  numbers  would 
be  relatively  changed.  The  representative  numbers  on  this 
new  basis  may  be  found  by  simply  dividing  each  of  the  repre- 
sentative numbers  given  above  by  a  quantity  proportional  to 
the  specific  electrical  resistance  of  the  metal  to  which  the  num- 
ber is  attached. 
We  thus  obtain 

Iron  —  80-  Platinum  2*6 

Silver    57'  Tin  -15  (?) 

Gold      32- 

It  will  be  observed  that  the  order  of  arrangement  remains 
unchanged. 

Platinum  and  tin  are  carried  still  farther  from  gold  and  silver 
than  before,  so  that  the  range  of  the  representative  numbers 
is  increased.  It  is  plain,  therefore,  that  by  this  second  arrange- 
ment no  progress  has  been  made  toward  finding  a  constant 
representative  quantity  for  all  the  metals.  In  dealing  with  the 
results  obtained  with  different  metals,  it  seems  to  be  of  little 

M  X ' V       M  X  E 

importance  whether  we  take  as  our  basis  — =7 —  or  — zr^-. 

When,  however,  we  have  to  do  with  different  plates  of  the  same 
metal,  we  see  from  the  experiments  on  both  gold  and  silver 

.    M  X  V 

that  the  basis  — —, —  is  by  far  the  better  one.     We  may  sum 

up  the  matter  by  saying  that  according  to  present  appearances: 
Ist,  there  is  no  constant  representative  quantity  for  all  metals; 

2nd,  the  basis  — = —  does  not  give  a  constant  representative 

quantity  for  different  plates  of  the  same  metal ; 

.    M  X  V     . 

8rd,  the  basis  — =r, —  gives  for  different  plates  of  the  same 

metal  a  representative  quantity  which  is  approximately  aooo- 
stant 
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M  X  V 

It  is  evident,  upon  consideration,  that  this  ratio  — =7 —  could 

not  be  expected  to  give  the  same  result  for  all  metals.  We 
get  the  quantity  V  by  dividing  the  nominal  cross  section  of  our 
conductor  by  the  strength  of  the  current  We  must,  however, 
think  of  a  metal  as  not  strictly  continuous,  but  consisting  of 
metallic  particles  more  or  less  compactly  aggregated  in  the 
space  occupied  by  the  body  as  a  whole.  Evidently,  therefore, 
the  cross-section  eflFective  in  conduction  would  vary  in  different 
conductors  of  the  same  nominal  cross-section.  It  may,  there- 
fore, be  found  that  diflFerent  specimens,  of  the  same  metal  but  of 

M  X  V 

diflFerent  densities,  will  give  quite  diflFerent  values  for  — =117 — . 

Of  course  the  magnitude  of  the  new  action  in  the  diflFerent 
metals  may  be  considered  in  connection  with  various  other 
physical  properties  of  the  metal  beside  Ihe  specific  electrical 
resistance.  One  might  for  instance  expect  to  find  some  strik- 
ing relation  by  comparing  in  this  connection  the  known  mag- 
netic or  diamagnetic  properties  of  the  metals.  It  is  indeed 
to  be  observed  that  the  most  strongly  magnetic  substance, 
iron,  does  show  the  new  action  in  a  more  marked  degree 
than  the  other  metals,  and  possibly  nickel  will  come  next 
in  the  list  Here  the  clue  is  entirely  lost  however,  for  the 
relative  magnitude  of  the  action  in  gold,  silver,  etc.,  is  entirely 
out  of  proportion  to  the  magnetic  capacities  of  these  metals. 

On  tne  whole  we  cannot  be  sure  that  any  relation  has  yet 
been  detected  between  the  magnitude  of  ^the  new  action  in 
the  various  metals  and  any  known  physical  property  of  these 
metals.  It  is  of  course  possible,  however,  that  when  more 
data  shall  have  been  obtained,  analogies  and  relations  at 
present  unsuspected  will  appear.  It  can  hardly  be  doubted 
that  the  action  we  have  been  considering,  placing  at  our  com- 
mand, as  it  does,  a  new  point  of  view  from  which  to  study  the 
interior  workings  of  tlie  substances  examined,  is  destined  to 
teach  us  a  good  deal  in  regard  to  the  molecular  structure  of 
bodies,  while  helping  us  toward  an  understanding  of  the  phys- 
ical nature  of  electricity  and  magnetism. 

We  return  now  to  the  remarkable  anomaly  presented  by 
the  direction  of  the  action  in  iron.  That  the  direction  in 
this  metal,  a  magnetic  substance,  should  be  different  from  that 
in  gold,  a  diamagnetic  substance,  Is  remarkable,  but  not  per- 
haps surprising.  We  find,  however,  that  nickel  and  platinum, 
both  magnetic  substances,  resemble  in  the  particular  above 
mentioned,  not  iron,  but  gold,  and  the  other  diamagnetic  sub- 
stances. This  fact  has  to  be  taken  into  account  in  endeavor- 
ing to  apply  the  newl^-  discovered  action  to  explain  the  mag- 
netic rotation  of  the  plane  of  polarization  in  accordance  with 
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the  principles  of  Maxwell's  electro-magnetic  theory  of  light 
Professor  Rowland,  therefore,  in  view  of  this  difference  of 
behavior  of  iron  and  nickel  with  respect  to  electricity,  was 
very  desirous  to  know  whether  these  two  metals  would  mani- 
fest a  similar  disagreement  in  their  action  upon  light  I  have, 
therefore,  at  his  suggestion,  repeated  Kerr's  experiment  on  the 
rotation  of  the  plane  of  polarization  of  light  by  reflection 
from  the  pole  oi  a  magnet,  using  nickel  for  the  latter  instead 
of  iron.  The  reflecting  surface  used  was  the  nickel  plating  on 
one  of  the  disks  of  Professor  Rowland's  absolute  electrometer. 
This  disk  for  the  purpose  of  the  experiment  was  placed  be- 
tween the  poles  of  the  electro- magnet.  The  action  upon  the 
plane  of  polarization,  though  apparently  much  weaker  than  in 
iron,  has,  in  the  plate  useS,  unmistakably  the  same  direction. 
This  nickel  plating,  however,  was  executed  in  Germany,  and 
Professor  Rowland  thinks  that,  as  the  nickel  of  that  country  is 
very  impure,  this  specimen  may  possibly  contain  iron  enough 
to  mask  the  true  action  of  the  nickel. 

I  have  already  spoken  of  the  fact  that,  when  a  strongly  mag- 
netic substance  is  experimented  upon,  complications  are  intro- 
duced by  the  influence  of  the  induged  magnetism  which  aflFects 
the  condition  of  the  magnetic  field  through 'which  the  current 
flows,  making  the  value  of  M  different  from  that  determined 
by  means  of  the  test  coil.  It  does  not  seem  probable  that  in 
this  fact  can  be  found  an  explanation  of  the  anomalous  behav- 
ior of  iron,  but  there  is  no  doubt  that  an  interesting  research 
is  here  suggested.  For  instance,  it  might  be  profitable  to  sub- 
ject to  experiment ti  thin  plate  of  hard  steel  and  determine  to 
what  extent  the  permanent  magnetization  induced  therein  by 
the  electro  -  magnet  would  be  accompanied  by  a  permanent 
change  in  the  equipotential  lines  after  the  electro-magnet  had 
ceased  to  act 

It  is  perhaps  idle  to  speculate  as  to  the  exact  manner  in 
which  the  action  between  the  magnet  and  the  current  takes  \ 
place  in  any  of  the  preceding  experiments,  but  it  may  be 
worth  while  to  remark  a  seeming  analogy,  somewhat  strained 
perhaps,  between  this  action  and  a  familiar  mechanical  phe- 
nomenon, the  theorv  of  which  has  of  late  attracted  considera- 
ble  attention.  It  is  well  known  that  a  base  ball  projected 
swiftly  through  the  air  and  having  at  the  same  time  a  rapid 
motion  of  rotation  about  its  vertical  axis  does  not  throughout 
its  course  continue  in  its  original  vertical  plane  of  its  motion, 
but  follows  a  path  curving  sensibly  to  one  side.  Imagine  now 
an  electrical  current  to  consist  of  particles  analogous  to  the 
base  ball,  moving  through  a  metallic  conductor  the  electrical 
resistance  of  which  will  correspond  to  the  mechanical  resist- 
ance oftered  by  the  air.     Suppose,  further,  the  particles  of  elec- 
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ity ,  on  coming  within  the  influence  of  the  magnet,  to  acquire  a 
lion  of  rotation  about  an  axis  parallel  to  the  axis  of  the  mag- 
.*  Under  all  these  supposed  conditions  we  might  perhaps  ex- 
it to  find  the  action  which  is  actually  detected.  To  account 
the  reversal  of  the  action  in  iron,  we  might  suppose  the  par- 
ies of  electricity  to  acquire  in  this  metal  a  rotation  about  the 
ne  axis  as  in  the  other  metals,  but  in  the  opposite  direction, 
en  after  all  these  generous  concessions  in  favor  of  our 
pothesis,  however,  it  fails  to  account  for  the  behavior  of 
:kel,  as  different  from  that  of  iron.  The  analogy,  such  as  it 
which  has  been  pointed  out,  is  perhaps  curious  rather  than 
;nificant. 

Sistorical, 

I  am  not  aware  that  investigators,  during  the  first  part  of  the 
atury,  made  any  attempt  to  discover  the  phenomenon  which 
3  been  the  subject  of  the  observations  described  in  the  pre- 
iing  article.  Wiedemann, f  however,  mentions  twoinvestiga- 
rs  who  have  at  different  times  given  the  subject  their  atten- 
m.  The  first  of  these  in  point  of  time  was  Feilitzsch.:]:  He 
ade  use  of  two  flat  spirals  of  wire,  through  each  of  which  an 
jctric  current  was  made  to  pass.  These  currents,  passing  in 
>posite  directions  through  the  coils  of  a  differential  galva- 
)meter,  were  so  adjusted  that  their  combined  action  produced 
)  effect  upon  the  needle.  A  third  spiral,  similar  to  the  others 
id  itself  bearing  a  current,  was  now  brought  near  one  of 
lese  and  the  galvanometer  was  observed.  No  permanent  de- 
letion of  the  needle  was  detected,  and  therefore  no  permanent 
!tion  of  one  current  on  the  other  was  discovered.  I  have  not 
ad  access  to  the  original  article  and  cannot  say  what  the 
Lithor's  theory  of  the  experiment  may  have  been.  The 
lethod  of  attacking  the  problem  seems  however  to  have  been 
milar  in  principle,  to  that  which  I  at  first  adopted,  viz  :  an 
iideavor  to  increase  the  resistance  experienced  by  an  elec- 
•ical  current  by  diverting  it  from  its  normal  course  through 
le  conductor. 

Another  research  in  this  direction  mentioned  bv  Wiedemann 
.as*  that  of  Mach.§  This  investigator  covered  a  circular  disk 
'f  silver  leaf  with  wax  and  applied  the  poles  of  a  battery 
0  points  diametrically  opposite  each  other  on  the  circumfer- 
iDce  of  the  disk.     The  silver  leaf  becoming  heated  by  the  cur- 

*  Maxwell  (Klectricity  and  Magnetism,  vol.  ii,  p.  416)  says,  "I  think  wo  have 
rood  evidence  for  the  opinion  that  some  phenomenon  of  rotation  is  going  on  in 
the  magnetic  field,  that  this  rotation  is  performed  by  a  great  number  of  very 
Hnall  portions  of  matter,  each  rotating  on  its  own  axis,  this  axis  being  parallel 
to  the  direction  of  the  magnetic  force,"  etc. 

\  Galvanismus,  vol.  ii,  p.  1 74. 

tBerichte  der  Naturforscher  in  Karlsruhe,  1858,  p.  151.  etc. 

I  Carl's  Repertorium,  vol.  vi,  p.  10,  1870. 
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rent,  the  wax  began  to  melt  and  melted  most  rapidly  where 
the  current  was  strongest,  thus  roughly  showing  the  distribu- 
tion of  the  stream.  The  plate  still  bearing  the  current  was 
now  subjected  to  the  action  of  an  electro-magnet,  but  no  change 
could  be  detected  in  the  behavior  of  the  melting  wax,  the  cur- 
rent remaining  apparently  unchanged  in  its  course  through 
the  disk.  This  experiment  therefore,  like  the  preceding,  was 
negative  in  its  indications. 

A  recent  number  of  the  *' Beiblatter  zu  Wiedemann's  Anna- 
len  "  mentions,  in  connection  with  the  researches  of  Feilitzch 
and  Mach,  another  by  Gore.*  The  latter  took  a  wire  bifur- 
cated throughout  a  part  of  its  length  and  passed  through  it  a 
current  sufficiently  strong  to  raise  both  branches  to  a  white 
heat.  He  then  endeavored  by  means  of  a  magnet  to  divert 
the  current  somewhat  from  one  branch  of  the  wire  and  draw 
into  the  other  branch  more  than  its  normal  share.  It  was 
thought  that  an  unequal  division  of  the  current  might  show 
itself  by  a  change  in  the  appearance  of  the  white  hot  branches. 
No  change  of  this  kind  could  be  detected,  and  the  investigator 
therefore  concluded  that  the  action  known  to  take  place  be- 
tween conductors  bearing  currents,  was  not  an  action  between 
the  electric  currents  as  such.  Gore  expressly  states  that  be 
undertook  this  experiment  not  knowing  that  any  previous  in- 
vestigations with  the  same  aim  had  ever  been  made. 

On  the  same  page  of  the  **  Galvanismus"  which  treats  of  tbe 
research  of  Mach,  as  mentioned  above,  Wiedemann  describes, 
as  a  means  of  showing  that  no  action  takes  place  between  per- 
manent electric  currents  as  such,  almost  the  exact  arrangement 
of  apparatus  with  which  the  discovery  was  finally  made.  Who 
first  used  this  apparatus  for  this  purpose  I  cannot  say,  unless 
it  may  have  been  Wiedemann  himself.  The  same  plan  was 
hit  upon  by  Professor  Eowland,t  quite  independently  I  believe, 
and  he  experimented  to  some  extent  in  this  direction  about  the 
year  1876.  The  same  arrangement  was  finally  adopted  by  me 
after  another  method  of  attacking  the  problem  had  been  unsuc- 
cessfully tried. 

I  desire  to  express  my  sense  of  obligation  to»the  professor^ 
and  students  of  the  physical  department  of  the  Johns  Hopkin^ 
University,  for  the  generous  assistance  which  they  have  ren— 
dered  me  during  the  progress  of  this  research. 

*"0n  the  Attraction  of  Magnets  and  Electric  Currents." — Phil.  Mag.  ( 
series),  voL  48,  p.  393,  1874. 
f  Amer.  Jour,  of  Math.,  vol.  ii,  p.  289. 
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XXin.  —  The    Colors  of  Thin   Blowpipe  Deposits;   by 
H.  Koyl,  B.A.,  Student  of  Physics  id  Johns  Hopkins 
liversity. 

►ME  examples  of  the  action  of  very  fine  particles  of  matter 
1  light,  having  lately  come  to  my  notice,  it  may  be  inter- 
g  to  make  them  public,  as  they  have  heretofore,  I  believe, 
unexplained. 

lose  wno  are  familiar  with  the  methods  of  blowpipe  anal- 
have  observed  faint  borders  occasionally  surrounding 
J  of  the  colored  charcoal  coatings,  the  colors  of  these  borders 
ingly  bearing  no  relation  to  the  characteristic  colors  of  the 
ning  oxides.  For  instance,  the  white  coating  of  antimony 
merally  accompanied' with  a  blue  border,  the  brownish 
e  of  cadmium  occasionally  with  a  green,  while  the  lead 
bismuth  yellows  not  unfrequently  have  a  whitish  ring 
sing  them.  As  these  occur  otily  and  always  where  the 
ng  is  very  thin  they  have  a  significance  different  from 
of  the  ordinary  colors,  and  as  they  may  be  produced  at 
»ure  from  the  purest  specimens  they  cannot  be  due  to 
ures  of  the  metals.  A  possible  analogy  with  the  antimony 
was  suggested  by  a  consideration  of  the  colors  of  the  sky, 
to  prove  the  connection  it  was  simply  necessary  to  show 
similarity  of  attendant  phenomena.  As  is  well  known,  it 
ilieved  that  the  blue  of  the  sky  is  due  to  the  presence  in 
atmosphere  of  suspended  particles,  so  fine  that  they  are 
)]e  to  reflect  the  longer  rays  of  the  spectrum  which  accord- 
>'  are  transmitted  and  the  union  of  the  remainder  gives  to 
sky  its  blueness.  At  evening,  the  sky  is  red  because  we 
the  rays  of  the  sun  directly  transmitted  or  reflected  from 
:;louds.  Thirdly,  the  light  of  the  sky,  reflected  at  an  angle 
0°  with  the  sun,  is  plane  polarized. 

"hen  an  antimony  coating  had  been  produced  which  gave, 
)ud  the  white  oxide,  a  blue  well  defined  and  full,  the  whole 
illuminated  in  a  dark  room  by  a  sodium  flame  and  that 
blueness  was  no  psychical  or  physiological  effect  as  distin- 
hed  from  ordinary  vision  was  proved  by  the  fact  that  here  it 
3<t  completel}'  vanished  while  the  white  presented  the  usual 
;tly  appearance.  A  blue  book-cover,  treated  in  the  same 
ner,  gave  more  reflection  than  did  the  blue  coating, 
ixperiments  with  the  polariscope  were  at  first  inconclusive 
1  the  fact  that  though  the  light  from  the  blue  coating  was 
ely  polarized,  so,  to  some  extent,  was  also  that  irregularly 
ected  from  the  charcoal,  and  it  was  found  necessary  to  cover 
block  with  a  thin  layer  of  carbon  from  a  gas-flame.     The 
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repetition  of  the  test  then  showed  that  the  proportion  of  light 
polarized  by  the  layer  of  carbon,  at  the  given  angle,  was  almost 
nothing ;  that  by  the  thick  white  coating,  small ;  while  on  the 
blue  the  phenomenon  was  almost  complete.  What  light  here 
was  not  polarized  was  evidently  reflected  from  the  larger  parri- 
cles  mixed  with  the  fine,  for  the  analyzer,  while  it  did  not 
totally  extinguish  the  light,  yet  excluded  nearly  all  appearance 
of  blueness. 

In  order  to  determine  the  character  of  the  transmitted  light, 
a  microscope  covering-glass  was  inlaid  in  the  charcoal  and  the 
oxidation  so  executed  that  the  glass  was  in  the  center  of  a 
small  area  all  of  which  was  blue.  On  removing  the  glass,  the 
light  which  passed  through,  proved  to  be  of  the  expected 
yellow,  though  less  brilliant  than  anticipated.  The  color 
might  be  seen  either  by  transmitting  the  direct  light  of  the  sun 
or  by  placing  the  glass  at  such  an  angle  that  total  reflection 
was  produced  and  thus  in  the  passage  of  the  rays  through  the 
layer  to  the  glass  and  out  through  the  layer  to  the  eye  the 
blue  was  principally  lost  and  only  the  mixture  of  longer  rays 
appeared.  Viewed  through  a  microscope,  the  result  was  the 
same.  I  have  since,  however,  improved  upon  this  plan  by  the 
more  convenient  method  of  covering  with  carbon  a  piece  of 
ordinary  window-glass,  three  inches  by  two,  and  then  project- 
ing the  oxide  upon  the  opposite  surface  of  the  plate.  There  is 
thus  no  difficulty  in  distinguishing  a  very  slight  amount  of 
color  in  the  coating  and  for  transmitted  light,  any  portion  of 
the  carbon  may  be  easily  removed. 

This  case,  a  type  of  all  charcoal  coatings  which  shade  off  to 
blue  in  thin  layers,  appears  thus  parallel  to  that  of  the  sky 
color  and  the  theory  which  is  accepted  for  the  one  will  also 
satisfactorily  explain  the  other. 

To  account  for  the  cadmium  green  we  have  only  to  note 
that  if  the  substance  upon  which  we  are  experimenting  have 
the  p')wor  of  absorbing  the  shorter  rays  of  the  spectrum,  the 
reflected  light  would  from  a  heavy  coating  be  yellowish  or 
reddish,  the  particular  shade  depending  upon  the  amount  of 
absorption  of  violet  and  blue;  and  the  formation  of  a  layer  as 
thin  and  of  particles  as  fine  as  before  should  result  in  giving 
us  the  color  of  the  shortest  rays  whicli  the  substance  is  capa- 
ble of  reflecting,  viz:  in  this  case,  green.  The  coating  of 
cadmium  has  exactly  this  appearance  and  shows  the  effect  of 
the  gradual  transmission  of  red  by  shading  from  the  original 
color  (dark  red)  through  yellow  into  a  fine  green.  As  before, 
the  light  reflected  from  the  thin  layers  is  highly  polarized  and 
the  rays  which  pass  through  form  a  deep,  dark  red.  lu  excep- 
tional cases,  it  is  possible  to  produce  such  a  thin  coating  that 
the  extreme  edge  is  fringed  with  a  faint  blue. 
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The  other  case,  lead,  is  now  easily  explained.  This  metal 
ires  a  coating  of  which  the  color  is  a  beautiful  chrome 
How,  and  regarding  this  merely  as  a  repetition  of  the  preced- 
g  phenomenon  and  the  yellow  as  compounded  of  rays  from 
e  whole  range  of  the  spectrum  but  not  in  the  proper  propor- 
>n  to  form  white,  the  line  of  thought  suggested  evidently  is, 
at  if  the  layer  be  decreased  in  thickness  regularly  from  the 
nter  to  the  circumference  of  the  charcoal,  there  ought  to  be,  at 
me  distance  from  the  centre,  a  zone  within  which  sufficient 
d  should  be  transmitted  to  equalize  the  amount  of  blue  lost 
r  absorption  and  the  reflected  rays  should  form  a  yellowish 
bite.  Beyond  this,  as  the  thickness  of  layer  still  decreased, 
e  color  should  be  blue  for  the  same  reason  as  in  the  case  of 
itimony.  The  white  zone  is  easily  produced  and  the  blue 
^rder,  which  always  surrounds  it,  polarizes  the  light  as  before 
id  transmits  orange  colored  rays. 

The  theory,  once  given,  serves  to  explain  nearly  all  the 
lomalous  colorings  of  the  charcoal  coatings ; — the  bluish 
►rders  which  occasionally  skirt  almost  any  of  the  metallic 
:ides,  the  '*  peacock-tails  "  of  cadmium,  etc.,  and  thus  does 
7hY  with  the  necessity  of  supposing  the  presence  of  impur- 
les  (though,  by  the  way,  no  impurity  would  solve  the  problem 

the  case  of  the  cadmium  green.) 

From  a  physical  standpoint,  the  experiments  seetn  interest- 
ig  as  an  extension  of  our  knowledge  of  the  action  of  these 
mall  particles  upon  light  Had  not  the  subject  presented 
self  in  this  way,  we  would  scarcely  have  guessed  that  such 
,  change  in  reflecting  power  could  have  been  produced  by  so 
mall  a  change  in  size  and  thickness. 

Baltimore,  Md.,  July  9,  1880. 
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Action ;  by  M.  M.  Garver. 

In  the  June  number  of  this  Journal  for  1878  (No.  90,  vol. 
C7,  pp.  413-422),  in  an  article  on  Nervous  Transmission,  I 
»lled  attention  to  a  peculiar  grouping  of  the  answers  in  ex- 
periments requiring  a  voluntary  movement.  In  concluding 
that  article  i  suggested  an  explanation  of  the  grouping  by 
intimating  that  an  individual  had  to  "think  twice"  before  per- 
forming the  stipulated  action,  and  ended  with  the  following 
query  and  statement:  *' Could  not  such  a  periodicity  have  its 
origin  in  the  transformation  lying  between  sensation  and  voli- 
tion? It  is  easily  conceivable  that  such  might  be  the  case 
and  be  of  such  a  nature  as  to  resemble  an  increment  to  the 
judgment" 
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Further  study  of  the  subject  has  led  me  to  the  conclusion 
that  the  expression  "think  twice"  is  literally  true,  and  that 
the  variation  is  entirely  cerebral."  The  matter  can  probably 
be  best  presented  in  the  form  gf  an  hypothesis,  supporting  it 
by  what  proofs  may  be  at  hand.     The  hypothesis  is  this : 

The  cerebral  portion  of  the  nervous  system  is  continually 
varying  in  its  activity,  waxing  and  waning  between  certain 
limits,  periods  of  maximum  activity  following  periods  of  mini- 
mum activity  at  the  rate  of  86  to  60  times  per  second. 

The  first  proof  in  support  of  this  view  is  that  it  offers  a 
satisfactory  explanation  of  the  grouping  in  those  experiments 
to  which  attention  was  called  in  the  preceding  article.  For,  if 
such  a  condition  of  things  exists  it  is  evident  that  the  purely 
voluntary  movements  must  also  be  periodic  in  character — it 
being  impossible,  according  to  the  hypothesis,  for  a  voluntary 
impulse  to  originate  during  a  period  of  minimum  activity  or 
rest  The  fact  that  the  perioas  are  not  more  sharply  defined 
is  not  conclusive  proof  of  the  non-existence  of  such  cerebral 
variations,  for  there  is  evidence  to  show  that  the  periods  are 
somewhat  variable  in  different  individuals,  and  in  the  same 
individual  under  different  circumstances.  For  instiince,  it  is 
generally  conceded  that  the  brain  does  not  work  so  well  after 
a  hearty  meal  as  before.  Here  are  two  series  of  experiments, 
one  of  which  was  taken  immediatelv  before  dinner,  the  other 
soon  after. 

Garver^  ^^hand  to  hand,'*'* 
Before  DmNER. 
16        '    17  18  19  20  21  22  23jnb. 

22 


16 

18 

19 

20 

21 

16 

18 

19 

20 

21 

16 

18 

19 

21 

19 

21 

19 
19 

21 
21 

The  numbers  below  the  line  are  the  answers  to  the  signals 
and  show  the  time  expressed  in  vibrations  of  the  tuning-fork, 
— one  vibration  being  equal  to  yJt  ^^  ^  second.  An  evident 
preference  is  shown  for  the  numbeft  17,  19,  21. 

Garver,  "hand  to  hand.'*'* 

After  Dinner. 
16     17     18     19     20     21     22     23     24     26     26     27     28     29  vib. 
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Besides  these  numbers  there  were  many  failures,  in  the  last 
series,  to  answer  at  all.  This  last  series  diflfers  in  one  respect 
from  many  others.  The  periods  are  not  all  of  the  same  length ; 
and  if  this  should  prove  to  be  a  rule  and  not  an  exception  a 
modification  of  the  hypothesis  would  be  necessary.  At  present 
I  am  inclined  to  regard  it  as  accidental,  as  it  is  opposed  to  so 
many  well-defined  examples.  The  periods  after  dinner  are 
seen  to  be  lengthened  and  the  whole  series  drawn  out. 

That  the  grouping  is  not  due  to  the  nerves  themselves  is 
shown  by  the  fact  that  the  nerves  of  animals  recently  killed 
transmit  the  motor  impulse  with  perfect  regularity  ;  and  also 
by  the  fact  that,  in  the  living  subject,  nerves  excited  by  artifi- 
cial means  transmit  the  motor  impulse  with  the  same  regu- 
larity. 

2<L  The  muscles,  in  order  to  remain  in  sound  health,  must 
have  periods  of  rest  alternating  with  periods  of  activity.    Even 
the  heart,  that  keeps  the  blood  in  ceaseless  motion  from  the 
earliest  dawn  of  our  independent  existence  till  the  last  closing 
act  in  life*s  drama,  rests  aoout  one-half  the  entire  time ;  and  it 
certainly  appears  reasonable  to  suppose  that  the  brain  also  has 
itB  periods  of  rest.     Besides  this,  it  is  an  established  physio- 
logical fact  that  a  muscle  during  contraction  is  in  a  state  of 
Yibration,  giving  out  a  continuous  sound  like  a  musical  tone. 
According  to  Helmholtz*  the  pitch  of  the  fundamental  tone 
is  very  diflScult  to  determine,  because  the  rate  is  such  that  it 
lies  just  at  the  lower  limit  of  continuous  tones.     The  rate  of 
vibration   varies  somewhat,   but    Helmholtz  and    two  other 
observers  working  independently  agree  in  finding  thirty-six 
vibrations  per  second  as  the  rate,  although  Helmholtz  himself 
found,  in  some  cases,  thirty-two  to  be  the  number.     Fosterf 
states  that  the  sound  heard  indicates  thirty-six  to  forty  vibra- 
tioDS,  but  that  the  sound  is  the  first  harmonic,  and  that  the  real 
number  of  vibrations  is  one-half  that  number,  or  eighteen  to 
twenty  per  second.     The  period  found  in  our  experiments  is 
from  thirty-six  to  sixty.     If  the  muscular  system  is  subject  to 
such  pulsations  it  seems  reasonable  to  suppose  that  the  nervous 
system  is  subject  to  a  similar  law,  if  not  really  the  cause  of  the 
muscular  variations. 

3d.  All  of  the  simple  mental  or  psychological  processes,  the 
time  of  which  has  been  measured  (and  many  such  measure- 
ments have  bee\i  made),  require  a  longer  interval  of  time  than 
that  shown  by  experiment  to  pass  between  two  maxima  and 
minima.  This  fact  is  regarded  as  specially  significant,  for,  if 
such  waxing  and  waning  of  nervous  activity  exists,  the  sim- 

*  Helmholtz,  Ueber  das  Muskelgerausch ;  Reichert  u.  du  Bois  Raymond's  Ar- 
^T  fur  Anatomie,  1864,  P-  "^^e. 
\  Foster,  Text-book  of  Phjrsiology,  2d  edition,  p.  56. 
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f)lest  possible  element  of  thought  would  probably  require  at 
east* one  period  of  maximum  activity,  while  more  complex 
processes  would  require  two,  three,  or  some  higher  multiple 
of  that  number.  According  to  experiments  by  Burckhardt,* 
Professor  Bonders,  and  many  others,  the  time  required  by  an 
intelligent  person  to  perceive  and  to  will  is  about  -j^  of  a 
second.  To  illustrate,  take  an  example  from  Burckhardt* 
After  allowing  for  the  time  required  to  traverse  all  of  the 
nerves  and  for  the  latent  period  of  the  muscles,  there  still 
remains  about  r^^  of  a  second  for  the  cerebral  operations. 
When  the  signal  was  given  by  a  bell  and  the  answer  required 
a  movement  of  the  hand,  the  percentage  of  the  time  required 
for  the  different  operations  was  found  to  be  as  follows : 

Acoustic  nerves 6  per  cent 

Brain 62       " 

Spinal  cord 4       ** 

Nervous  transmission 22       '* 

Latent  period  of  muscles G      " 

The  mean  value  for  the  time  required  from  "ear  to  hand" 
was  0'169",  of  which  0105"  or  sixty-two  per  cent  was  taken 
up  by  the  mental  operation  involved.  From  this  it  will  be 
seen  that  "  quick  as  thought''  is  afler  all  not  so  very  quick. 
Similar  results  were  obtained  by  Exner.f  In  our  experiments 
(see  this  Journal  for  June,  1878,  p.  416),  the  "  reaction  period" 
from  ear  to  hand  varied  from  0-1327"  to  0-1651".  The  latter 
number  is  my  own  "  reaction  period  ;'*  and  if  sixty  per  cent  of 
the  time  was  consumed  in  the  cerebral  operation  it  takes  -^ 
of  a  second  for  me  to  perceive  and  will. 

The  foregoing  results  were  obtained  by  answering  to  an  ex- 
pected and  known  signal :  however,  if  a  dilemma  is  introduced, 
offering  a  choice,  the  time  required  is  considerably  lengthened, 
and  the  lengthening  is  greater  as  the  mental  operations  are 
more  complex.  Professor  DondersJ  made  some  experiments 
in  which  tno  answer  was  required  by  the  left  hand  when  the 
signal  was  given  on  the  right  foot,  and  by  the  right  hand  when 
the  signal  Wiis  given  on  the  left  foot  After  allowing  0*009  of 
a  second  for  tue  less  ready  use  of  the  left  hand,  the  results 
agreed  exactly  in  requiring  A^  of  a  second  for  the  increased 
psychological  processes  involved.  That  is,  it  took  ^  of  a 
second  longer  than  if  the  signal  was  always  given  in  the  same 
place  and  requireii  the  same  answer.  By  cdmbining  three 
series  of  observations  of  different  degrees  of  complexity,  Pro- 
fessor Bonders  found  in  his  own  case  that  the  simple  percep- 

♦  l^uTvkhardt :  Pie  phvsiologische  Diagnostik  der  Nervenkrankheiten,  Leipng, 
IS75,  p.  91. 

f  See  Fiv^ier's  Physiology,  p.  522. 

i  Dondors :  IMe  S<«hDelligkeit  psychischer  Proceese ;  Reichert  und  du  Bois  B|^ 
mouds  Archiv,  186S.  p.  657. 
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tion  of  an  impression  required  jyth,  and  an  act  of  volition 
,Vth  of  a  second.  The  sum  of  the  two  is  practically  equal  to 
what  has  been  found  to  be  the  time  required  for  the  cerebral 
operations  in  simply  answering  a  signal !  But  each  of  these 
periods  is  long  enough  to  include  two  periods  of  maximum 
activity  ;  and  this  fact  might  lead  us  to  infer  that  the  so-called 
simple  operations,  perception  and  volition,  are  in  reality  com- 
plex, and  that  the  simplest  mental  operation  requires  about 
jVth  of  a  second.  However,  the  fact  that  from  ^V^^  ^  iz^  ^^ 
a  second  is  necessary  for  a  simple  perception  may  serve  to  ex- 
plain our  appreciation  of  continuous  sounds,  as  a  musical  tone  ; 
if  the  vibrations  occur  at  a  less  rapid  rate  than  that  they  are 
recognized  as  separate  sounds,-*— if  at  a  higher  rate  as  continu- 
ous tones. 

4th.  It  is  maintained  by  some  writers  upon  purely  meta- 
physical grounds  that  alternating  states  of  consciousness  and 
unconsciousness  are  necessary  to  explain  some  of  the  phe- 
nomena of  mind.  Dr.  Payton  Spence*  advances  some  views 
which  in  this  connection  are  very  interesting.  He  says  in  con- 
clusion :  "  Hence  the  simplest  form  of  consciousness  or  mental 
life  must  consist  in  an  alternation  of  a  state  of  consciousness 
with  a  state  of  unconsciousness — a  regular  rhythmical  revela- 
tion of  the  aflBrmation,  consciousness,  by  its  negation  uncon- 
sciousness, and  vice  versa.  We  might  call  it  a  pulsation  or  an 
undulation  of  the  constituent  of  the  mind,  provided  such  an 
expression  did  not  fasten  upon  us  a  premature  theory  as  to  the 
nature  of  that  constituent  Perhaps  it  would  be  safer,  for  the 
present,  to  call  it  a  pulsation  or  an  undulation  in  the  brain,  or 
a  vibration  of  the  molecules  of  the  brain  paralleled  in  con- 
sciousness. This  pulsation  or  vibration  is,  of  course,  very 
rapid  ;  otherwise,  we  should  not  have  to  infer  its  existence, 
but  would  know  it  by  perceiving  the  alternation  of  one  state 
with  another.  We  may  make  it  to  some  extent  perceptible, 
however,  by  interfering  with  the  regularity  of  its  rhythm,  as 
by  making  a  determined,  persistent  eflFort  to  retain  any  state 
of  consciousness  for  any  length  of  time.  Thus,  if  we  fix  the 
eye  upon  any  object  and  try  to  keep  a  steady,  unbroken  con- 
sciousness of  it,  we  will  find  that  in  spite  of  our  most  deter- 
mined eflforts,  the  mind  will  alternately  flash  off"  and  on  the 
object,  and  we  catch  ourselves  losing  our  consciousness  of  it 
and  then  returning  to  it  If  the  experiment  be  persevered  in 
it  ultimates  in  a  certain  bewilderment  and  confusion  of  mind 
as  well  as  of  vision,  and  during  brief  intervals  not  only  does 
the  object  cease  to  be  visible,  but  the  mind  seems  to  go  out" 

Dr.  Spence  may  object  to  my  "hypothesis*'  as  a  "premature 
tbeory ;  however,  his  words  express  quite  clearly  my  views, 
and  seem  to  accord  well  with  the  facts  in  the  casa 

Ithaca,  N.  Y.,  July  Ist,  1880. 

*  Dr.  Payton  Spence :  Space  and  Time  considered  as  Negations,  Journal  of 
^lecalakiye  PhUosophy  for  October,  1879. 
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Art.  XXV. — Oeological  Relations  of  the  Limestone  Belts  of  West- 
chester County^  New  York ;  by  James  D.  Dana. 

[Continued  from  page  32.] 

(4.)     JSdrnbUndic^  Augitic^  and  other  associated  Rocks  not  in- 
cluded in  the  preceding  subdivisions. 

The  hornblendic  and  associated  rocks  referred  to  in  the 
above  title  cover  a  large  part  of  the  township  of  Cortland— 
*  the  northwestern  of  Westchester  County  —  between  Croton 
Biver  on  the  south,  and  the  parallel  of  Feekskill  on  the 
north,  an  area  of  about  25  square  miles.  They  differ  widely 
from  the  ordinary  rocks  of  the  county,  and  may  well  be  des- 
ignated the  Cortland  series.  In  fact,  a  series  so  remarkable 
in  constitution,  so  diversified  in  kinds  and  so  full  of  geological 
interest  is  seldom  found  together  within  so  small  an  area  any 
where  on  the  globa  The^  reach  the  banks  of  the  Hudson 
just  south  of  the  Peekskill  railroad  station,  and  at  several 
points  beyond  ;  yet  considerable  portions  of  the  shore  region 
are  occupied  by  narrow  strips  of  common  kinds  of  mica  schist 
and  sneiss,  and  occasionally  limestona  Leaving  Feekskill  by 
South  street,  near  the  river,  the  first  ledges  (north  and  south 
of  Hudson  street,  i,  on  the  following  map),  consist  of  one  of 
the  rocks  of  the  series ;  and  to  the  eastward  of  the  village, 
on  the  road  leading  southeast,  only  half  a  mile  from  the  Acad* 
emy  grounds  (adjoining  which,  on  the  street  north,  an  evenly 
beaded  mica  schist  of  the  limestone  series  outcrops),  the  same 
rocks  occur.  The  western  boundary  of  the  town  is  passed  by 
the  Cortland  rocks  only  south  of  its  middle  point  (oelow  Mr. 
Strang's),  for  a  distance  of  a  little  over  a  mila 

South  of  Verplanck  they  extend  to  the  Hudson,  and  are 
the  rocks  of  Montrose  Point  and  the  northern  portion  of  Cru- 
ger's  Point.  Just  here  the  river  becomes  narrowed  to  one  third 
of  its  width  through  the  projection  of  these  points  and  of  an 
equally  prominent  headland  called  Stony  Point  on  the  oppo- 
site sida  This  isolated  east-and-west  ridge  consists  of  rocb 
related  to  those  of  Montrose  and  Cruger's  Points,  and  there  is 
little  doubt  that  it  was  once  connected  with  the  Montrose  re- 
gion. It  is  the  only  locality  of  the  rocks  yet  observed  on  the 
western  side  of  the  Hudson. 

.  The  accompanying  map  of  the  western  portion  of  the  town 
of  Cortland,  between  Peekskill  and  Cruger's,  together  with 
the  Hudson  River  adjoining,  contains  the  places  here  referred 
to.     Its  scale  is  an  inch  to  a  mila 

The  occurrence  of  limestone  areas  in  close  proximity  to  die 
rocks  of  the  Cortland  series  is  a  fact  of  special  interest)  as  il 
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ad.     Theae  areas  on   the  maps  are  those  horizon- 
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sscription  of  the  prominent  varieties  or  kinds  of 
id  rocks  will  prepai-e  the  way  for  a  discussion  of 
to  the  other  rocks  of  Westchester  County. 
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A.    Kinds  of  Books. 

The  more  prominent  peculiarities  in  the  constitution  of  these 
rocks,  ^as  learned  by  the  aid  of  thin  slices  and  microscopic  ex- 
amination,) are  as  follows : 

1.  The  feldspars  are  chiefly  triclinic  species,  or  soda-lime 
feldspars,  though  some  orthociase  (potash-feldspar)  is  also  often 
present  They  are  therefore  distinctively  what  many  would 
call  ^^ phjgioclase  "  rocks. 

2.  One  or  more  of  the  minerals  of  the  Amphibole  group 
— hornblende,  hvpersthene,  augite — are  present  in  a  larse  part 
of  the  rocks;  of  these,  hypersthene  is  the  most  widely  aistrib- 
uted.  Its  crystals,  which  are  sometimes  quite  perfect,  have  the 
form  of  the  augite  common  in  volcanic  rocks  except  that  they 
are  not  oblique ;  they  were  ascertained  to  be  true  hypersthene 
through  optical  methods  by  Dr.  Q.  W.  Hawes. 

8.  Black  mica  or  biotite  is  usually  present,  and  sometimes 
abundantly,  and  in  some  of  the  kinds  replaces  wholly,  or 
nearly  so,  the  iron-bearing  amphibole  minerals. 

4.  Quartz  is  not  a  prominent  ingredient,  and  in  general  is 
only  sparingly  present 

5.  (jhrysolite  is  a  characteristic  ingredient  of  some  of  the 
common  kinda 

6.  Apatite  exists  in  microscopic  and  sometimes  visible  crys- 
tals in  all  the  varieties;  the  largest  crystal  observed  has  a 
length  of  half  an  inch  and  diameter  of  a  sixteenth.  Magnetite 
is  present  in  grains,  and  sometimes  constitutes  beds.  Pyrite 
also  is  disseminated  through  most  of  the  rocks. 

These  crystalline  rocks  are  commonly  massive,  that  is,  with- 
out bedding.  They,  are  everywhere  jointed,  and  for  this  rea- 
son the  ledges  are  generally  piles  of  large  and  small  blocks.  In 
most  places  they  undergo  easy  decomposition,  making  a  gray 
or  iron-red  soil  around;  and,  as  the  joints  give  access  to 
water,  the  outer  blocks  in  the  pile  have  often  become  reduced 
to  rounded  and  half-detached  masses. 

The  rocks  may  be  divided,  for  the  convenience  of  the  strati- 
graphic  discussion  beyond,  into  (1)  the  non-chrysoliiic^  and  (2) 
the  chrysolittc.  The  former  include  four  groups,  bas^d  on  the 
iron-bearing  silicate  prominent  in  the  kinds;  (A)  the  Horn* 
hlendic;  (B)  the  IlypersUieinc ;  (C)  XhQ  Augitic  ;  and  (D)  the 
Micaceous  or  Biotitic  ;  but  the  groups  pass  into  one  another  by 
intermediate  varieties.  The  chrysolite-bearing  kinds  are 
either  (E)  hornhleiidic^  or  (F)  auf/itic,  or  (G)  chiefly  chrysolite; 
but  here  again  intermediate  kinds  occur. 

In  the  following  descriptions  I  have  confined  myself  to  no- 
ting only  the  prominent  distinctions  so  far  as  necessary  to  the 
stratigraphical  discussion  beyond.  I  take  pleasure  in  stating 
that  a  detailed  study  of  the  rocks  of  the  Cortland  region  hn 
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jady  been  begun,  at  my  suggestion,  by  the  accomplished 
lologist,  Dr.  G.  W.  Hawes. 

^..  The  HorrMeiidic, — ^The  common  hornblendic  rock  resem- 
8  syenyte,  but  contains  little  orthoclase  and  much  triclinic 
Ispar.  The  latter  is  mostly  of  the  species  oligoclase,  ac- 
ding  to  an  optical  measurement  on  cleavage  slices.  In  addi- 
a,  quartz  is  rather  sparingly  present.  The  rock  contains 
re  or  less  black  mica  and  sometimes  much  of  it ;  and  as  the 
2a  increases  at  the  expense  of  the  hornblende,  the  rock 
®es  into  soda-granite  (mentioned  beyond).  The  quartz-dio- 
e*has  the  same  relation  to  soda-granite  that  quartz-syenyte 
\  to  potash  or  common  granite.  Garnets  are  rara  Xhe  rock 
often  a  very  coarsely  crystallized  rock  (-4a),  having  the 
*n  blende  crystals  large,  one-fourth  to  ohe-half  an  inch  being 
ommon  size,  and  an  inch  and  larger  also  common  ;  and  not 
frequently  the  black  crystals  are  as  large  as  the  fingers,  and 
asionally  six  to  eight  inches  long.  A  fine-grained  variety 
>)  has  a  blackish  color;  and  this  variety  is  sometimes  por- 
^ritic  {Ac).  The  micaceous  is  another  common  variety  {Ad). 
other  kind  {Ae)  is  exceedingly  fine-grained  and  consists  of 
lute  grains  of  hornblende  along  with  similar  feldspar  grains, 
ich  are  partly  orthoclase;  it  looks  much  like  hornblende 
ist,  and  in  some  places  is  schistose.  It  sometimes  con- 
is  an  occasional  crystal  of  hypersthene.  Another  rock  of 
>  region  is  homblendyte,  consisting  almost  wholly  of  hom- 
nde.  One  variety  {Af)  is  made  up  of  coarsely  crystallized 
X5k  hornblende ;  another  {Ag)  of  gray  hornblende  along 
.h  an  asbestiform  mineral.  The  black  hornblendyte  grad- 
tes  intodioryte;  and  again,  it  is  often  chrysolitic. 
B.  The  HypersVienic. — The  typical  rock  of  this  division  {Ba) 
the  most  wide-spread  of  the  Uortland  series.  It  consists  of 
clinic  feldspars  (and,  according  to  some  trials,  yet  incomplete, 
Dr.  Hawes,  oligoclase  is  the  most  abundant),  hypersthene 
grains  or  quite  small  crystals,  with  frequently  more  or  less 
)tite,  and  often  some  orthoclase.  There  are  also  present 
ne  magnetite  and  apatite,  frequently  traces  of  quartz, 
d  generally  some  augite  or  hornblende.  In  mineral  consti- 
iion  it  approaches  one  of  the  kinds  of  rock  that  have  been 
lied  both  noryte  and  hypersthenyte  or  hyperyte.  The  name 
ryie  is  here  given  it  provisionally.  It,  however,  looks  more 
:e  a  coarsish  doleryte  or  diabase  than  like  other  hypersthene 
3k& 

The  noryte  has  commonly  a  dingy,  brownish-red  color  on  a 
rface  of  fracture  owing  to  the  smoky-red  color  of  the  feld- 
ar,  but  varies  from  this  to  pale  gray  on  one  side  and  black- 
i-gray  on  the  other.  It  occurs  along  the  railroad  between 
^eksKill  and  Montrose  station,  and  over  the  most  of  the  town 
Ck)rtland  east  of  this  line,  and  to  some  extent  west 
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This  rock  passes  into  a  feldspatbic  kind  {Bb)j  oonsistinff 
almost  wholly  of  the  feldspars;  and  into  a  micaceous  kind 
{Be)  containing  very  much  black  mica  with  little  hyperstheoe 
— a  ver^  common  variety,  often  occurring  close  alongside  of 
the  ordinary  noryte. 

Although  the  noryte  is  generally  a  massive  rock,  it  is  occa- 
sionally distinctly  gneissic  in  structure,  and  sometimes  odd* 
tains  a  few  garnets.  The  schistose  variety  usually  abounds 
in  black  mica,  or  contains  more  quartz  than  other  varieties, 
and  sometimes  more  orthoclase. 

C.  The  Augitic. — True  augitic  rocks  are  less  common 'than 
hypersthene  rocks,  although  augite  is  present  in  most  of 
tne  massive  rocks  of  the  Cortland  region.  The  chief  kind  (Ob) 
is  pyroxenyte— consisting  mainly  of  pyroxene  or  augite,  with 
sometimes  a  little  hornblende ;  it  varies  from  a  very  coarse  rock 
with  the  augite  crystals  half  an  inch  across,  to  a  fine  granular 
kind.  A  greenish  -  gray  granular  variety  occurs  on  Stony 
Point  in  its  chrysolitic  region.  Another  kind  {Cfb)  contains 
much  triclinic  feldspar  with  the  augite,  and  is  here  called  augik- 
noryte,^*  A  local  variety  (Cb),  related  to  the  last,  is  light  graj 
in  color  and  smooth  in  fracture ;  it  has  a  whitish  feldspathic 
base,  seemingly  almost  felsitic,  speckled  with  small  spots  or 
points  of  dark  gray-green  augite,  and  only  traces  of  mica. 
The  feldspar  in  this  variety,  as  slices  show,  is  actually  in 
fine  crystalline  grains ;  almost  all  of  it  is  triclinic,  as  in  other 
varieties.     Chrysolitic  kinds  are  mentioned  beyond. 

D.  The  Micaceous, — The  micaceous  rocks  are  of  two  promi- 
nent kinds.  One  {Da)  is  like  a  coarse  granite  in  aspect;  out  its 
feldspathic  portion  is  chiefly  triclinic,  and  quartz  is  sparingly 
present  It  is  characteristically  a  soda-lime  granite,  although 
containing  some  orthoclase,  and  it  is  a  nearly  quartzless  varie^ 
of  it  The  mica  is  almost  solely  biotite  or  black  mica.  It  is 
called  beyond  soda-granite.  Some  hornblende  or  augite  is 
usually  present ;  and  apatite  is  common  in  small  or  minute  dis- 
seminated crystals.  It  is  sometimes  sparingly  gametiferous. 
Gk>od  examples  of  this  rock  occur  west  of  Cruger's  railroad  sta- 
tion above  the  brick  yards ;  and  also  at  Stony  Pointy  where  it 
is  the  prominent  rock.  At  the  former  locality  it  graduates  into 
the  quartz-diorvte ;  and  at  several  places  the  coarsest  of  the 
dioryte  is  found  within  a  few  yards  of  the  typical  soda-granita 

Another  kind  {Db)  is  a  fine-grained  black  rock,  often  small- 
porphyritic.  It  owes  its  color  and  texture  to  its  having  black 
mica  in  fine  scales  as  its  chief  constituent  Like  the  preced- 
ing, it  contains  little  quartz,  and  the  feldspar  is  almost  wholly 

^  This  rock  looks  like  the  Doryte.  but  contaiDS  augite  in  place  of  hjpentlMML 
If  its  teldspar  is  chieflT  labradorite  («  point  jet  in  doobtX  it  doea  not  differ  k 
minerml  constitutioD  from  di^eryte  or  diabase,  or  a  prominent  part  of  tiie  mHKBti    j 
fabbra 
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triclinia  Hornblende  and  augite  are  sparingly  present  The 
rock  is  therefore  a  micaceous  variety  of  the  soda-granita  But 
though  ordinarily  massive,  it  sometimes  has  distinct  indica- 
tions of  bedding.  The  rock  is  most  common  in  the  vicinity 
of  limestone  belts.  It  occurs  at  Centerville,  east  of  limestone 
number  4  (see  map),  and  also  north  of  this  limestone  in  the  field 
west  of  the  road,  where  it  is  conformable  with  the  limestona 

£.  The  Chrysclitic  rocks. — ^The  chrysolitic  rocks  of  the  region 
have  no  resemblance  in  aspect  to  ordinary  chrysolitic  volcanic 
or  igneous  rocks.  The  kinds  are  (1)  chrysolitic  hornblendyte^  (2) 
chrysolitic  pyroacenvte,  (8)  chrysolitic  noryte  ;  and  these  graduate 
not  onlj  together  but  also  into  a  rock  in  which  chrysolite  is 
the  chief  constituent  They  are  black  or  brownish-black 
rocks,  and  are  mostly  coarsely  crystallized,  the  hornblende  crys- 
tals being  often  an  inch  in  length  or  breadth ;  and  the  chryso- 
lite is  in  trains  of  various  irregular  forms  and  sizes,  distributed 
tbrouffh  tnese  crystals  as  well  as  among  them,  and  not  in  well- 
formed  crystals.  In  general,  they  contain  but  little  feldspar, 
and  this  is  triclinio ;  and  a  variety  intermediate  between  the 
homblendyte  and  pyroxenyte  is  common.  They  contain  occa- 
sionally black  mica,  but  no  quartz.  The  chrysolite  is  more  or 
less  altered,  as  is  shown  (when  examined  in  thin  slices)  by  the 
bordering  and  intersecting  bands  of  magnetite  and  vindite, 
and  in  some  cases  it  appears  to  be  changea  to  serpentine." 

These  rocks  are  largely  exposed  along  the  western  half  of 
the  north  side  of  Stony  Point,  west  of  the  boat  pier  (the  area 
is  lettered  zz!  on  the  map),  and  over  Montrose  Point,  as  well  as 
in  its  vicinity  ;  at  which  places  they  are  associated  with  noryte 
and  other  rocks  of  the  senes.  They  also  outcrop  in  eastern  and 
southern  Cortland.  The  most  eastern  locality  observed  is 
within  half  a  mile  of  the  eastern  border  of  the  town,  near  the 
middle  of  the  three  "emery*'  mines  referred  to  beyond,  and 
the  most  southerly,  a  short  distance  east  of  Croton,  within  half 
a  mile  of  Croton  Biver. 

The  chrysolitic  rocks  are  the  most  decomposable  of  the  series, 
and  wherever  the  brown-black  ledges  are  crumbling  in  an 
extraordinary  way  and  biaking  a  profusion  of  brown  sand  or 
brown  or  red  earth,  the  presence  of  chrysolite  may  be  suspected. 

F.  Iron  and  Emery  Mines. — This  Cortland  region  nas  its 
mines  of  magnetite,  some  of  which  are  also  mines  of  emery. 
The  containing  rock  is  either  noryte,  dioryte,  or  soda-granite, 

"  Thefe  cfaiysolitic  rocks  usuallj  har^,  on  a  fresh  fracture,  the  cleavage  sur- 
fnea  of  the  homhlende  or  augite  spotted  with  chrysolite ;  hut  the  presence  of 
cfarTBolite,  however  abundant,  cannot  he  made  certain  without  shcing  for  micro- 
Kopio  examination,  since  the  chrysolite  is  slightly  altered  externally,  and  such 
■oli  OD  hornblende  crystals  may  be  due  to  small  imbedded  crystals  of  augite. 
B  the  deavage  of  the  hornblende  has  an  unbroken  surface  it  is  probable  that  the 
ncki  ooDtain  no  chrysolite.  The  homblendyte  has  much  stronger  luster  than 
tiie  pjroxeoyte. 
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and  even  chrysolitic  rocks  are  sometimes  near  by.  The  iron 
ore  has  been  found  at  several  points  within  a  mile  north  and 
northeast  of  Cramer's,  and  also  three  or  four  miles  distant  in 
the  eastern  part  of  the  township  of  Cortland ;  but  the  amount 
appears  to  be  small  and  no  workings  have  yet  proved  profita- 
ble. The  ore  is  commonly  very  chloritic,  and  contains  less 
magnetite  than  the  appearance  and  weight  seem  to  indicate. 

At  a  mine  three-fourths  of  a  mile  north  of  Cruger's  (at  u,  on 
the  map,  p.  196),  the  including  rock  is  a  dark  reddish-brown 
noryte.  The  ore  contains  much  chlorite,  as  shown  by  the 
gray-green  tinge  of  its  powder,  and  the  green  color  of  trans- 
mittea  light  when  in  very  thin  slicea  With  it  there  are  also 
garnet  and  some  fibrolite  in  minute  short  needles.  Southeast 
of  this  locality  (at  v  and  w  on  the  map)  other  openings  have 
been  made.  Thin  magnetite  beds  occur  also  on  Cruger's  Point, 
in  the  soda-granite  and  quartz-dioryte,  half  a  mile  west  of  the 
railroad  station.  The  material  is  nne-grained,  nearly  black  in 
color,  chloritic  like  the  preceding,  and  is  usually  associated 
with  black  mica.  These  beds  are  the  subject  of  special  de- 
scriptions beyond. 

Among  the  localities  in  eastern  Cortland,  three  are  situated  in 
a  ridge  or  mountain  running  northward  from  Colabaugh  Pond. 
One  IS  at  the  southern  end  of  the  ridge,  just  north  of  the  pond; 
another,  near  the  road  crossing  it,  about  a  mile  farther  north; 
and  the  third,  at  the  north  end  of  the  ridge,  nearly  three  miles 
from  the  pond,  south  of  "  Summer  Hill."  The  magnetite,  at 
each  of  these  places,  contains  some  disseminated  corundum, 
making  it  a  serviceable  emery,  and  two  of  these  mines  have 
been  worked  for  the  emery ;  much  of  it  also  is  chloritic.  Fib- 
rolite in  small  needles  ana  divergent  tufts  is  found  with  the 
ore  at  each  locality. 

B.  The  relation  or  these  Cortland  rocks  to  the  other  ROOikS  or  WBsrcHa- 

TER  Oduntt. 

The  above  brief  description  of  the  Cortland  rocks  prepares 
the  way  for  a  consideration  of  their  relation  to  the  other  rocb 
of  the  county.  The  following  questions  arise :  Are  they  one 
with  the  latter  in  system?  are  they  rocks  of  an  earlier  system? 
or  are  they  eruptive  rocks,  and  not  metamorphic,  and,  hence, 
of  no  bearing  on  the  general  question  as  to  the  age  of  the  West- 
chester limestones  and  the  associated  schists?  If  it  can  be 
shown  that  the  second  or  last  supposition  is  the  true  one,  the 
subject  before  us  is  rid  by  a  stroke  of  the  most  serious  of  its 
perplexities. 

1 .  Evidences  of  more  or  less  complete  fusion. 

The  evidences  of  fusion  or  plasticity  are  many ;  and,  taking 
them  collectively,  they  are  decisive.    They  are  exhibited  in 
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llowing  wajB :  (1)  The  massive  character  of  the  cryatal- 
Ksks  over  so  large  an  area,  and  a  general  resemblance  is 
to  igneous  rocks;  (2)  the  greitt  size  of  the  hornblende 
Is  in  some  of  the  quartz-diorvte,  and  the  well-deGned 
Is  of  hypersthene  in  part  of  the  noryte,  resembling  the 

cryatals  of  some  volcanic  rocks,  facts  indicating  freedom 
>lecnlar  movement  during  the  process  of  crystallization; 
e  broken  condition  of  the  crystalline  individaals  in  some 
,  which  is  evidence  of  movement  while  in  a  pasty  state 
.be  beginning  of  solidification  ;  (4)  the  occurrence  in  the 
ve  rocks  of  included  fragments  of  other  rocks,  like  the 
ions  in  many  trap  or  basaltic  ejections;  (6)  the  existence 
:e8  or  veins  of  the  hornbleodic  and  other  rooks,  of  very 
IS  sizes,  intersecting  the  adjoining  rocks. 
:  inclusions  are  remarkably  numerous  in  some  portions 
!  region,  and  are  often  of  wonderful  magnitude  About 
r's  station,  in  the  soda-granite  and  quartz-dioryte,  they 
from  an  inch  in  breadth  to  many  feet;  one  seen  in  the 
f  a  bluff  on  the  railroad,  between  three  and  four  hundred 
northeast  of  Cruger's  station,  has  a  maximum  breadth  of 
«n  feet  and  a  length  but  little  less,  and  consists  of  gar- 
rous  mica  schist  like  that  within  a  fourth  of  a  mile  to  the 
ad  south ;  and  this  is  not  the  largest  in  that  region.  They 
d   also  in   the  chrysolite  rocks  and  noryte  of  Montrose 

and  Stony  Point,  and  in   the  limestone  of  Verplanck 
They   usually  consist  of  the  various  materials  which 
tute  the  schist  of  the  vicinity,  even  to  the  magnetitic 
t  rock,  quartzyte,  etc 

ure  3  represents  {^  of  the  natural  size)  an  example 
the  soda-granite,  half  a  mile  west  of  Cruger's,  where  dis- 

{ilaced  fragments  of  a  thin 
ayer  of  mica  schist  occur 
in  the  granite.  Figure  4 
{-^  the  natural  size)  is  of 
an  inclusion  in  the  noryte 
of  Montrose  Point;  the 
*^.  distorted    form,  the  frac- 

I,    ■.  .         tures,  and  the  faulla  i 

^pett^  to  be  evidence  of 
former  free  movement  in 
the  massive  noryte.     Fig- 
.  ure  5  represents  a  surface 

y         three  feet  square  from  a 

.'         large  brecciated  pyroxenyte  adjoining  directly 

..A      :    the  crystalline  limestone  on  the  shores  of  the 

\    '    Hudson  at  Verplanck  Point.     The  masses  in 

this  stratige  breccia  are  contorted  fragments  of 

imestone,  one  to  two  feet  long,  the  thin  layers  of  which 

been  hroogbt  out  prominently  by  surface  eTOfi\ou. 
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The  examples  of  what  appear  to  be  veins  or  dikes  are  also  '' 
numeroua.  They  cut  through  the  chrysolite  rock  and  DOtyte 
of  Stoay  Point  and  Montrose  Point,  uid  [ 
through  the  crystalline  limestone  of  Ver- 
planck  Point  Those  at  the  last-mea- 
tioned  place,  facing  the  river  (north  of 
the  foot  of  Broadway),  vary  from  u 
inch  in  width  to  over  fifty  feet  Some 
are  simply  faulted  bands,  like  figare  ft 
1  Others  nave  more  irregular  courses,  n 
in  figure  7,  representing  eight  feet  from 
I  a  vem  at  Verplanck  Point  Figure  8 
■hows  a  crossing  of  two  small  veins  from  the  same  limeetOM 
r^iOQ.  Some,  if  not  all,  of  such  veins  must,  therefore,  be  trie 
veins  or  dikes ;  and  are  evidence  as  to 
the  former  fused  or  plastic  condition  of 
the  material  and  its  injection  into  fissures. 
Veins  formed  in  this  way  are  not  veins  of 
infiltration  or  segregation,  that  is,  they 
are  not  due  to  the  filling  of  fissures  by 
material  supplied  slowly  in  solution  or 
vapor;  for  no  difference  in  coarseness  of 
texture  or  structure  exists  between  the 
rock  constituting  them  and  that  of  the 
massive  rock  elsewhere;  they  are  just 
such  as  have  been  made  by  simple  injec- 
tion. 

There  are  also  peculiarities  in  the  ex- 
terior of  inclusions,  and  in  the  walls  of 
veins  or  dikes,  in  some  cases,  which  favor 
the  idea  of  fusion.  At  Terplanck,  the  limestone  of  the  wall  ig 
often  discolored  for  two  or  three  inches,  and  sometimes  pen- 
etrated by  the  material  of  the  vein,  or  contains  minute  crystali 
of  hornblende ;  and  in  other  cases,  the  limestone  is  impr^atcd 
fl  with  the  homblendic  or  augitic  matenal  in 

irregular  lines  or  bands,  so  that  surface  erooOB 
has  left  a  complexity  of  small  curving  rid^ 
The  crystallization  of  the  limestone  adjoining 
the  vein  is  sometimes  coarser  than  elsewhere; 
^^^  though,  in  general,  no  difference  is  apparent 
On  a  small  point,  just  north  of  the  region  of 
veins,  part  of  the  limestone  is  of  the  coarsot 
kind,  the  crystalline  grains  over  a  fourth  of 
an  inch  broad,  while  .the  larger  part  is  very  fine  in  grain,  like 
the  most  of  the  Verplanck  limestone — a  fact  that  indicates  tbO' 
local  action  of  escaping  heat 

Still  more  positive  evidence,  if  possible,  of  fusion  are  Bhown 
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3  junction  of  the  schists  of  Gruger's  Point  with  the  soda- 
te,  where  the  schist  itself  bears  evidence  of  partial  fusion 
exhibits  other  contact- phenomena. 

le  proof  of  the  crystallization  of  the  rocks  from  a  more  or 
)enect  state  of  fusion  or  plasticity  is  thus  complete. 

2.  Eyidenoes  as  to  condition  of  ftiaion. 

it,  admitting  fusion  or  a  plastic  condition,  the  question 
remains : 

ere  these  once-fused  rocks  fused  approximately  «n  aiki^ 

is,  where,  or  near  where,  they  now  lie ;  or  were  they 

ted  through  fissures  from  great  depths  below?   that  is, 

I  Dr.  Hunt's  terms,  are  they  indigenous,  or  &re  they 
c? 

7%€  results  are  partly  the  same  whichever  the  condition  of 
n. — If  they  were  fused  where  approximately  they  now  lie, 
fusion  must  have  come  from  accessions  of  heat,  and  such  ac- 
^ns  may  have  resulted  from  the  movement  and  friction  con- 
kI  with  an  upturning  of  the  rocks;  and  it  may  hence  have 

one  of  the  results,  in  that  re^on,  of  metamorphic  action 
;  epoch  of  general  metamorphism ;  and  if  so,  at  the  very 

that  these  rocks  became  fused  or  plastic  through  the 
38S,  other  rocks  of  the  region,  owing  to  less  extreme  met- 
•phic  action,  or  to  less  fusibility,  may  have  been  left  with 

bedding  unobliterated ;  just  as  much  granite  in  New 
and  and  other  countries  received  its  crystalline  condition 
le  same  process  and  at  the  same  time  with  the  associated 
tose  rocks,  the  gneisses,  mica  schists,  etc. 

II  the  facts  as  to  fusion  which  have  been  presented  are 
istent  with  either  mode  of  origin,  even  to  the  inclusions 
the  dikes  or  veins. 

)  The  veins  or  dikes  have  the  same  essential  characters 
her  made  one  way  or  the  other.  As  has  often  happened 
le  case  of  granitic  rocks,  and  even  granular  limestone,  the 
1  or  plastic  material,  under  the  pressure  attending  the  sub- 
nean  movements,  would  have  entered  and  filled  all  fissures 
might  have  been  opened  to  it,  and  so  have  made  veins  or 
B  having  the  sizes  of  the  fissures  were  they  large  or  small, 
possessing  also  a  uniformity  of  grain  like  that  of  ordinary 
ted  rocks." 

)  Again,  whatever  the  process  of  ejection,  fragments,  large 
mall,  of  any  rocks  adjoining  such  fissures  might  have 
me  included  in  the  fused  or  plastic  material 

[n  the  writer's  Manual  of  Geology  (1880),  veins  of  this  kind  are  called 
of  plastic  injection,  an  abbreviation  of  the  full  statement  that  they  were 
by  the  injection  of  material  rendered  plastic  or  fused  during  a  process  of 
lorphism.     They  are  better  called  dike-like  veins. 
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(3)  Moreover,  the  contact-phenomena  in  the  case  of  veins  so 
formed  may  be  as  decided  and  extensive  as  in  thai  of  any 
dikes  or  erupted  masses. 

(4)  Further,  the  evidences  of  fluidal  movement  exhibited  in 
the  broken  condition  of  many  of  the  crystalline  grains  would 
be  the  same.  Such  a  fragmenting  of  grains  taking  place  after 
the  stijffening  of  incipient  solidification  requires  but  a  moderate 
amount  of  movement,  and  this  is  all  that  such  circumstances 
would  admit  of.  One  foot  would  suffice;  thousands  would 
be  impossible. 

(6)  Again,  the  resulting  rocks  need  not,  and  generally  do 
not,  diflFor  in  kinds  from  erupted  rocks  of  deeper  source.  In 
such  fusions  in  the  course  of  a  process  of  metamorphism,  the 
thickness  of'  the  rocks  undergoing  common  movement  may 
have  a  depth  of  20,000  feet  or  more,  and  the  fusion,  therefore, 
would  not  be  superficial.  The  view  that  many  of  the  ordi- 
nary erupted  rocks  are  nothing  but  fused  sedimentary  rocks 
need  not  be  here  discussed.  The  improbability  of  the  view 
comes  from  the  improbability  of  any  movements  in  the  earth's 
crust  being  sufficient  to  fuse  its  own  rocks  or  the  overlying 
sediments.  But  the  epochs  of  metamorphism  are  the  times 
not  only  of  the  profoundest  movements  of  the  crusty  but  also 
of  the  most  thorough  upturning  of  sedimentary  beds,  and  if 
these  are  ever  melted  through  the  friction  of  upturning,  or  by 
its  aid,  then  would  be  the  occasion  for  it. 

(6)  Veins  made  at  such  an  epoch  by  the  injection  into  fis- 
sures of  any  rock  so  fused  might  have  any  extent,  even  that 
of  the  whole  depth  of  the  rocks  metatoorphosed ;  for  the  fis- 
sures mav  be  thus  deep.  And  the  material  filling  them,  since 
it  might  be  that  of  the  bottom  rocks,  might  be  wholly  unUke 
that  of  the  rock  on  either  side  of  all  the  higher  parts  of  the 
fissure. 

But  while  there  may  be  these  resemblances  between  the 
eflfects  of  metamorphism  and  those  of  deep-seated  eruption, 

b.  The  results  of  fusion  of  sedimentary  beds  under  meiamorphic 
action  may  have  distinguishing  peculiarities. — First:  The  kinds 
of  rocks  so  resulting  are  likely  to  vary  greatly  at  compara- 
tively short  intervals,  because  sedimentary  beds  often  vary  thus. 
They  should  not  have  that  uniformity  for  scores  or  hun- 
dreds of  square  miles  which  often  characterizes  ejections  that 
have  come  up  from  regions  beneath  the  supercrust"  Sedi-  \ 
ments,  and  therefore  sedimentary    deposits,  are  liable   to  fre-  J 

auent  and  sudden  changes  as  to  material,  which  igneous  out*  1 
ows  cannot  imitate.     Secondly,  the  rocks  are  likely  to  have  no 

1*  The  term  8upercru8t  is  used  for  that  part  of  the  earth^B  crust  which  hii 
been  made  by  sedimentation,  the  true  crust  being  restricted  to  the  part  beneiA 
which  is  a  result  simply  of  cooling. 
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lamnar  (basaltic)  stracture;  because  the  fractures  to  be 
led  in  such  cases  are  fractures  in  rocks  which  are  participat- 
;  in  the  movement  and  which,  therefore,  are  heated  rocks, 
d  not  cold. 

Again,  the  phenomena  of  contact  and  the  facts  as  to  inclu- 
)nSj  structure  and  superpositions  may  have  distinctive  pecul- 
ritiesL 

c  TTie  condition  ofjusion  or  plasiicity  in  the  Cortland  region, — 
>  answer  the  question  before  us  we  have,  therefore,  to  con- 
ler  more  closely  than  has  been  done  the  phenomena  of  con- 
ct  of  the  schistose  with  the  massive  rocks  over  the  Cortland 
^on,  the  peculiarities  of  some  of  the  inclusions,  the  charac- 
ristics  of  some  of  the  so-called  veins  or  dikes,  and  the  charac- 
rs  of  the  rocks  as  to  their  transitions,  structure,  and  rela- 
te positions.  » 

3.  Special  facts  from  the  Cortland  region. 

a.  Contactrphenoniena  between  the  schistose  and  massive  rocks ; 
^  connected  with  the  inclusions  ;  siratigraphical  relations  to  the 
nestones. — The  facts  with  reference  to  inclusions  and  all  contact- 
lenomena  bear  directly,  as  will  appear,  upon  the  question  as  to 
\j  stratigraphical  relation  in  the  Cortland  rocks  to  the  lime- 
mes ;  and  they  are,  therefore,  here  taken  from  the  vicinity 
particular  limestone  areas. 

(1)  ITie  vicinity  of  Orxiger's  limestone  area. — The  small  lime- 
3ne  area  near  Cruger's,  (see  map),  lies  mostly  to  the  south  and 
St  of  the  station ;  only  a  small  portion  about  forty  feet  in 
-eatest  width  borders  the  river  west  of  it,  beyond  the  first 
•ick-yard  (Z),  the  rest  of  the  westward  extension  of  the  lime- 
one  being  beneath  the  river.  The  schistose  rocks  directly 
id  conformably  adjoin  it  on  the  north,  the  average  strike  of 
^th  being  N.  70°  E.  and  the  dip  75°  to  the  northward.  In 
le  southeastern  portion  of  the  area  there  is  a  twist  in  the 
bole  to  the  northwest.  The  limestone  is  finely  crystalline 
ranular,  mostly  white  in  color,  and  over  the  hills  to  the  east- 
ard  contains  crystals  of  white  pyroxene. 
The  schist  north  of  the  limestone  has  a  thickness  of  about  a 
bousand  feet  Toward  the  limestone,  it  is  a  silvery  mica  schist 
ODtainiug  a  little  black  mica  and  an  abundance  of  very  small 
arnets.  A  hundred  yards  or  so  to  the  north  it  is  staurolitic, 
he  staurolite  occurring  in  grains  of  a  clear  chestnut-brown 
olor  and  rarely  in  distinct  crystals ;  and  it  also  in  some  parts 
lecomes  quartzose  and  consequently  thick-bedded.  There  are, 
lesides,  seams  containing  much  magnetite  ;  and  at  one  place  an 
Qtercalation  of  a  black  micaceous  rock  containing  some  feldspar 
rhich  is  about  equally  orthoclase  and  a  soda-lime  species. 
Ifter  another  hundrea    to  a  hundred  and  fifty  yards  north- 
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ward,  in  the  course  of  which  it  becomes  increasingly  stauro- 
litic  and  garnetiferous,  and  passes  in  places  into  a  true  ^eias, 
it  comes  to  its  end  against  soda-granite  and  quartz-diorjta 
Thus  within  a  breadth  of  only  260  to  850  yards,  there  is  here  a 
passage  from  a  stratum  of  crystalline  limestone  through  con- 
formable schists,  to  the  massive  rocks  along  which  we  have  to 
look  for  contact-phenomena. 

The  facts  here  described  are  mostly  from  three  south-to- 
north  sections :  Sechon  1,  800  to  400  yards  west  of  the  Station 
{I  to  n,  on  the  map) ;  section  2,  about  700  yards  (p) ;  section  $, 
about  900  yards  (q  to  8\ 

In  section  1,  2  to  m  is  the  schist ;  at  m  is  soda  granite,  which 
becomes  hornblendic  twenty-five  feet  above,  toward  the  road ; 
and  then  at  ri,  on  the  north  side  of  the  road,  the  rock  is  of 
coarse  quartz-dioryte.  (The  locality  n  is  that  of  the  first  out- 
crop of  rocks  on  the  road  going  northwest  from  the  railroad 
station.)    The  contact-phenomena  in  this  section  are  as  follows. 

In  the  first  place,  the  mica  schist  is  even  in  bedding  against 
the  limestone ;  becomes  more  and  more  contorted  to  the  north- 
ward, or  away  from  it;  and  is  full  of  flexures  of  a  yard  or  so 
in  span  for  the  last  fifty  feet  or  more  south  of  the  junction  with 
the  granite. 

With  the  increase  in  the  flexures  of  the  layers,  the  schist 
becomes  interlaminated  with  nodose-lines  of  quarts,  vein-like 
in  origin ;  and,  besides,  the  garnets  become  somewhat  larger. 
At  the  junction  referred  to,  the  schist  is  mostly  a  garnet  rock 
containing  much  fibrolite  and  staurolite,  and  the  latter  is  in 
some  places  granular-massive  in  a  small  way.  Just  below  the 
granite,  the  layers  are  a  compact  body  of  flexures,  and  in  Ae 
soda  granite  there  is  another  flexed  layer  rather  faintly  indi- 
cated. 

Figure  9  represents  the  condition  here  described ;  it  was 
taken  from  the  west  side  of  a  little  bluff  at  m ;  the  height 
is  twenty  feet  The  dotted  portion  is  that  of  the  soda-granita 
The  garnet  rock  of  the  ilexures  under  the  granite  contains, 
like  the  granite,  soda-lime  (or  triclinic)  feldspars,  with  little 
orthoclase  ;  and  the  first  foot  of  the  granite  is  strongly  gamelp 
iferous  ; — facts  which  show  a  degree  of  transition  in  the  mate- 
rial of  the  two  rocks.  The  flexed  bed  within  the  soda-granite 
is  gneissoid  in  character  and  of  darker  gray  color  than  the 
granite ;  it  is  quartzose  and  gametiferous,  strongly  micaceous  ' 
with  black  mica,  and  contains  magnetite  and  a  little  staurolita  ^ 
The  schist  is  consequently  not  a  schistose  portion  of  the  gran* 
ite,  but  a  distinct  bed  ;  it  is  like  the  schist  in  its  minerals,  but 
in  its  more  gneissic  character  indicates  that  it  is  intermediate 
between  the  schist  and  the  soda-granite.  The  eastern  face  of 
the  same  ledge  is  about  a  dozen  feet  to  the  east  of  the  western, 
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>d  here  the  janetioD  of  the  schist  with  the  granite  looks  more 
)nipt,  bat  partly  in  consequence  of  erosion  ;  above  this  plane 


I  janotion,  in  the  mass  of  the  granite,  distinct  though  Winter 
Kucations  of  flexed  beds  exist  The  change  above  m  from 
oda-gnniteto  quartz-dioryte  is  simply  a  change  in  the  substi- 
ntion  of  homblflnde  for  the  larger  part  of  the  olack  mioa,  the 
eldspara  beiag  et^ually  triclinic  in  the  two,  and  the  qaartz 
qoally  deficient  in  amount.  Atasmall  bluff,  160  yards  to  the 
rest  of  m  (at  o,  see  map),  the  change  is  more  abrupt  than  be- 
ween  m  and  n ;  in  only  six  feet,  the  rock  passes  from  soda- 
[Tanite  to  the  dioryte. 

A  natural  inference  from  the  series  of  facts  presented  in  this 
eotitm,  those  as  to  the  Sexures  in  the  schist  as  well  as  the 
changes  at  the  junction  of  the  schist  and  granite,  would  be 
hat  the  heat  of  metamorphism  increased  from  the  limestone 
lorthward  toward  the  granite  and  dioryte  region,  the  heat  be- 
ing a  consequence  in  part,  if  not  chicfiy,  of  the  movement  and 
Motion  attending  the  flexing,  and  that  consequently  there  was 
prodnced.a  more  and  more  yielding  comlition  in  the  material 
1^  the  schist  as  the  region  of  completg  fusion  was  approached, 
tod,  at  the  junction,  perhaps  a  fusing  and  obliteration  of  por- 
tions of  some  layers  of  the  schist;  and  that  a  bed  of  schist 
oisted  in  the  granite  which  approached  somewhat  the  granite 
in  character,  but  which,  owing  to  the  nature  of  its  material, 
ms  not  wholly  obliterated. 

Bat,  are  not  these  flexed  portions  of  beds  fragments  that 
were  broken  off  and  carried  up  by  the  fused  or  plastic  material 
■git  rose  from  depths  below?  T^hey  lie  so  conlormably  to  the 
Sexares  of  the  schist  as  to  suggest  a  negativu  reply  to  this 
qwry. 

Sections  2  and  3  (at  p,  and  q  r  »,  on  the  map)  show  inclu- 
lioos  OQ  a  grander  scale. 
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Section  2  extends  up  the  face  of  the  first  high  blaff  of  bare 
rock  west  of  m  (a  blun  that  has  by  its  east  foot  a  path  leading 
up  among  the  trees  to  a  fine  spring). 

Figure  10  represents  a  portion  of  the  surface  of  the  bluflf 
about  forty  feet  wide.  Below  is  the  hard  contorted  schist,  a 
well-bedded  micaceous  schist,  becoming  in  its  upper  part  true 
gneiss ;  and  above  this,  as  the  dotted  surface  snows,  there  is 
soda-granite,  and  then,  after  a  few  yards  of  this  rock,  the 
dioryte  or  hornblende  rock,  which  is  indicated  in  the  diagram 
by  snort  lines  instead  of  dots.  About  a  yard  above  the  scnbt, 
within  the  mass  of  the  granite,  a  schistose  layer,  about  a  foot 
thick,  occurs ;  and  eight  to  nine  feet  above  tnis  another  in  the 
dioryte,  and  both  are  conformable  to  the  schist. 

The  upper  bed  of  schist  shows  (in  thin  slices)  that  it  is  a 
quartzose,  dark  gray  gneiss,  containing  much  black  mioa  and 
garnet,  but  also  much  triclinic  feldspar  and  apatite,  and  in 
these  two  points  approaching  the  soda-granite, — thus  evindng 
a  very  marked  transition  in  its  composition  toward  that  of  the 
soda-granite.  The  first  bed  above  it,  lying  in  the  granite,  is 
similar  to  the  schist  in  its  black  mica  and  quartz,  but  contains 
very  little  garnet ;  but  like  the  soda-granite,  it  contains  much 
apatite  and  more  triclinic  feldspar  than  orthoclase.  Still  o^her 
parallel  beds  are  indicated  at  higher  levels ;  one  of  them 
exists  at  the  top  of  the  bluff,  twenty-five  to  thirty  yards  above 
the  upper  bed  in  the  figure. 

The  facts  look  toward  the  same  conclusions  as  those  from 
section  1. 

Section  3  was  taken  along  a  line  about  half  a  mile  west  of 
Cruger*s  Station,  commencing  on  the  river  at  q  (see  map,  p. 
195)  in  front  of  the  most  western  of  the  brickyard  sheds, 
and  passing  r,  a  point  north  of  the  upper  shed,  to  s.  For  a  dis- 
tance of  about  500  feet  from  the  shore,  the  rock  is  mica  schist; 
next  follows  soda-granite  for  about  fifty  feet ;  then,  very  coarse 
dioryte  (the  hornblende  crystals  in  some  parts  finger-like  in 
size)  for  90  to  100  feet ;  then  soda-granite  again.  At  the  shore 
the  schist  is  nearly  evenly  fissile;  450  feet  north,  on  the  line  of 
the  section,  it  is  like  the  six  feet  square  represented  in  fig.  II. 
In  the  next  fifty  feet,  the  flexures  are  distinct  but  half  nided 
out  or  nearly  obliterated  ;  and  this  is  the  last  step  before  the 
soda-granite,  the  once  plastic  or  fused  rock,  begins. 

After  twenty-five  feet  of  soda-granite  the  first  (a)  of  the 
ranges  of  "inclusions"  appears;  it  is  on  the  side  of  the  roid 
which  here  leads  up  the  slope.  Between  three  and  four  yards 
of  the  band  are  represented  in  figure  12.  As  shown,  it  is  in 
pieces;  yet  the  pieces  are  not  much  displaced,  which  they 
would  be  in  an  erupted  rock.  The  material  is  grayish-blacl^ 
and  consists  of  a  very  chloritic  magnetite,  with  a  little  black 
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mica,  in  a  feeble  amount  of  base  of  triclinic  feldspar.  After  an 
interraptioQ  it  appears  again  for  a  short  distaace  to  the  west- 
,^  ward,  where  it  is  much  more 

micaceous  and  gametiferous ; 
bat  the  exposure  is  not  as  sat- 
isfactory as  in  the  case  of  the 
other  bands.  Three  feet  be- 
hind this  band,  that  is  to  the 
'■i  north,  there  is  another  similar 
one  having  a  parallel  position. 
Eight  or  nine  yards  north  commences  the  coarse  dioryte. 
At  the  top  of  the  slope,  near  the  passage  of  the  coarse  dioryle 
to  the  soda-granite,  partly  in  the  dioryte  but  mostly  in  the 
granite,  there  are  three  t^nds  (6)  within  three  to  five  feet  of 
one  another,  gneissic  in  constitution.  Figure  13  represents 
about  a  dozen  yards  of  these  bands,  in  the  dioryte  and  granite. 


"Tie  upper  or  northern  of  the  three  bands  {b')  is  exposed  with 
mull  interruptions  for  a  length  of  more  than  one  hundred  and 
bi.  Jotm.  8<ii.— Tsiitn  Sbribs,  Vol.  XX,  Mo.  IIT.— Sbpt..  IS80. 


210  e/.  D,  Dana — Oeologicat  Relations  of  the 

fifty  feet;  and  the  more  eastern  portion  is  shown  in  figure  14. 
The  strike  is  the  same  as  that  of  the  schist 

The  rock  of  the  middle  of  these  bands  (ft")  is  a  qaartzose 
gneiss,  with  black  mica,  many  visible  grains  and  octahedrons 
of  magnetite,  and  some  garnet — resembling  the  gneiss  of  some 
of  the  nearest  schist  and  unlike  the  enclosing  soda-granite  in 
its  excess  of  quartz,  magnetite,  and  its  garnets ;  and  that  of 
the  others  is  similar.  About  three  yards  north,  but  a  little  to 
the  west,  is  another  band  (J*),  one  to  two  inches  thick,  which 
has  a  gray  color,  and  consists  of  small  spangles  of  silvery  mica, 
some  scales  of  black  mica  and  chlorite,  and  grains  of  magnetite 
— a  thin  layer  of  the  mica  schist  more  magnetitic  than  usual 

About  eight  yards  north  of  the  third  of  the  bands  repre- 
sented in  figure  12,  there  is  another  schistose  band  (c)  which  is 
short  in  the  line  of  the  section,  but  appears  again  to  the  east* 
ward  and  also  to  the  westward  ;  the  rock  is  auartzose,  gamet- 
iferous,  and  includes  chloritic  magnetite  with  fibrolite,  and 
other  materials  of  the  schist. 

Eight  to  nine  yards  farther  north,  in  the  soda-granite,  another 
band  (c?)  exists,  with  the  same  strike — that  of  the  schist— 
which  outcrops  for  two  hundred  feety  or  as  far  as  the  rocks  in 
the  direction  are  uncovered.  This  band  is  gray,  like  the  last^ 
and  sparkles  with  the  same  pearly  mica,  but  it  is  made  up 
largely  of  brown  staurolite  in  a  half-granular  form,  sbowinf 
but  rarely  crystalline  faces,  and  contains  also  disseminatea 
magnetite  and  some  fibrolite  and  chlorite  ;  a  garnetiferous  per- 
tion  contains  much  black  mica  Eight  feet  farther  north,  but  to 
the  eastward  a  few  yards,  a  very  silicious  schist  appears  for  a 
short  distance.  Fifty  feet  north,  in  the  soda-granite,  is  still 
another  band  (e\  which  contains  much  chloritic  magnetite; 
and  a  hundred  beyond,  another  thin,  gray,  micaceous  band  re- 
sembling closely  6* ;  the  condition  of  a  portion  of  it  is  shown 
in  figure  3,  on  page  203.  Farther  north,  at  intervals,  other 
schistose  bands  exist,  and  along  the  north  side  of  Cruger's 
Point,  facing  the  brick-yards  at  the  foot  of  Park  street,  they 
are  more  largely  displayed. 

The  extent  of  these  bands,  their  number,  uniformity  of  direc- 
tion and  apparently  of  dip,  and  the  identity  of  the  material  i 
constituting  them  with  beds  of  the  schist,  especially  the  more 
northern,  are  such  as  to  warrant  the  following  section  (fig.  15). 

A  B  represents  a  portion  of  the  schist  near  the  granite ;  B  to 
C,  soda-granite;  C  to  D,  coarse  syenyte-like  dioryte;    D  toB, 
soda-granite ;   a  to  /  the  bands,  which  are  lettered  as  in  the  ^ 
above  descriptions  of  them. 

The  depth  to  which  the  beds  are  made  to  descend  down-  j 
ward  in  the  granite  (100  feet)  is  an  assumption  in  this  section;  -t 
but  considering   that  probably  5,000  feet,   and   more  likely 
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er  10,000  feet  of  these  upturned  rocks  have  been  removed 
erosion,  and  noting  also  the  number  of  the  bands  and  their 
jrallelism  to  the  schist,  and  the  effect  of  pressure  to  keep  them 
place,  the  assumption  can  be  no  exaggeration. 

15. 
A    B  C  D  E 


Since  it  is  obviously  impossible  that  the  inclusions  taken  in 
id  carried  up  by  rocks  erupted  through  deep  fissures  should 
5  beds  of  scnist  100  to  200  feet  long,  and  a  series  of  such 
ids  separated  by  the  fused  rock  retaining  together  their  par- 
lel  p>osition,  we  have  to  admit  that  these  indications  of  bed- 
ng  are  of  unobliierated  bedding.  The  rest  of  the  upturned 
rata  were  fused  or  at  least  softened ;  these  portions  of  beds 
ere  not  fused,  though  flexed  and  variously  displaced. 
There  is  reason  for  the  resistance  to  fusion  in  the  mineral 
iture  of  the  beds ;  for  quartz,  staurolite,  fibrolite,  magnetite, 
e  infusible  minerals ;  muscovite  and  biotite  are  but  slightly 
isible  on  thin  edges ;  and  orthoclase  fuses  with  great  difficulty, 
tch  greater  than  the  other  feldspars,  oligoclase,  labradorite 
id  albita 

Thus  the  study  of  the  phenomena  of  contact  becomes  in  this 
igion  a  study  of  "inclusions;''  and  the  larger  of  the  inclu- 
ons  turn  out  to  be  beds  of  schist,  conformable  to  the  schist 

We  seem  to  be  thus  forced  to  the  conclusion  that  the  soda- 
ranite  and  the  included  dioryte  were  once  parts  of  the  same 
idimentary  strata  with  the  schist,  and  that  all,  with  the  Cru- 
er  limestone,  were  once  a  continuous  stratified  formation; 
nd  that  the  plasticity  given  to  the  granite-making  or  dioryte- 
laking  portions,  because  of  the  heat,  occasioned  the  excep- 
ional  geological  features  of  the  region. 

The  region  of  Cruger's  Point  is  continued  northward  into 
hat  of  Montrose  Point ;  the  latter  is  characterized,  as  has  been 
tated,  by  chrysolitic  rocks  for  its  southern  three-fourths,  and 
)y  noryte  with  chrysolitic  rock  for  the  other  fourth ;  and 
hrough  the  facts  there  as  well  as  elsewhere  afforded,  the  evi- 
lence  from  inclusions  is  made  to  extend  also  to  these  other 
rocks.  With  the  chrysolitic  pyroxenyte  and  chrysolitic  horn- 
blendyte,  there  is  also  hornblendyte  which  is  not  chrysolitic, 
but  more  or  less  augitic  and  containing  some  triclinic  feldspar. 
On  the  south  side  of  Montrose  Point  facing  Cruger*s  Point  (or 
Ae  brick-yard  between  the  two),  in  the  chrysolitic  rock,  there 
18  what  looks  like  a  vein  or  dike  two  to  four  inches  wide. 
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exposed  for  a  length  of  twenty  feet  Tbe  material  shows  it  to 
be  no  vein  or  dike,  but  a  bed  from  the  schist ;  it  is  a  dark -col 

ored  quartzose  garnet  rock,  heavy  with  magnetite  and  contain- 
ing some  staurolite,  resemblirg  much  a  portion  of  the  schist  in 
section  1  (above  described),  near  the  soda-granite.  The  cov- 
ering of  earth  prevented  a  determination  of  its  whole  extent 
In  the  same  kind  of  rock,  about  fifty  yards  north  of  the  brick- 
yard which  divides  Montrose  Point  (into  a  North  Montrose 
and  a  South  Montrose  Point),  a  vein-like  band,  two  feet  to 
twenty  inches  wide  descends  the  bluff,  which  consists  of  a  light- 
gray  massive  ai^illyte.  Examined  in  thin  slices  by  the  micro- 
scope, it  is  found  to  have  a  mealy  aspect  with  mierolitic  points, 
like  an  argillyte  in  the  first  stages  of  mctamorphisin.  The 
band  is  a  bed  from  the  schist,  although  a  different  variety  of  it 
from  any  exposed  at  Cruger'a, 

Other  long  vein-like  bands  are  black  and  of  very  fine  grain; 
some  of  them  look  grayish  and  minutely  arenaceous.  The 
microscope  shows,  on  an  examination  of  thin  slices,  that  some 
consist  of  grains  of  hornblende  and  feldspar,  the  latter  parlJy 
orthoclase,  and  look  like  hornblende  schist,  while  othere  are 
very  fine-grained  homblendic  mica  schist.  One  of  the 
latter  had  a  thickness  of  two  feet  These  bands  are  meet 
numerous  in  the  noryte  of  the  northern  part  of  the  point 
Figure  4,  as  stated  on  page  201,  represents  an  "inclusion "in 
the  noryte;  but  the  inclusion  is  evidently  a  bed  bent  batk  m 
itself;  for  a  vein  would  not  be  thus  folded  double  in  its  enclos- 
ing rock.  The  rock  of  this  bed  much  resembles  the  noryte, 
though  finer  in  grain,  and  consists  (as  observed  by  means  of  » 
thin  slice)  of  hornblende  with  much  augite  and  some  tnclinic 
feldspar. 

On  the  same  part  of  the  point,  the  noryte  and  chrysolitie 
rocks  apparently  cut  through  one  another,  but  with  the  noryte 
oftener  like  an  inclusion  in  the  chrysolitie  rocka  Again,  ihej 
follow  one  another,  or  lie  side  by  side,  but  without  a  distinct 
divisional  plane  :  and  in  one  place  the  rock  consists  of  hands 
of  noryte  and  chrysolitie  hornblendyte  without  a  trace  of  snj 
planes  of  separation.  Figure  16 
represents  an  example  of  this 
kind,  in  which  the  bands  are  two 
to  three  inches  wide,  noryte  bands 
(the  fine-dotted  in  the  figure),  iV- 
alternating  with  bands  of  the  '■_  '" 
chrysolitie  rock.  Difference  of 
material  in  successive  portions 
might,  under  some  metamorphic 
conditions,  give  rise  to  such  a 
structure,  although  the  bands  are  so  thin;  successive  outflow- 
ings  of  different  eruptive  rocks  could  not  produce  it. 
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Going  north  from  the  vicinity  of  Cmger's  Station  along  sec- 
tion 1,  instead  of  section  3,  the  rocks  change  from  the  coarse 
dioryte  at  the  end  of  the  section  to  fine-grained ;  and  then,  in 
three-fourths  of  a  mile,  the  rock  is  well-characterized  noryte. 
Moreover  the  noryte  contains  a  band  of  magnetite,  exposedf  in 
a  working  (near  Mrs.  Murden's)  with  which  occur  garnet  and 
fibrolite.  The  band  is  bedded,  the  magnetite  is  chloritic,  and 
the  assemblage  of  minerals  is  the  same  that  occurs  in  the  soda- 
CTanite,  as  well  as  the  schist  west  of  Cruger's.  Fibrolite  is 
loand  also  with  the  magnetite  of  Eastern  Cortland. 

The  noryte  and  chrysolitic  rocks  are  thus  apparently  in  the 
same  category  with  the  soda-granite  and  quartz-dioryte. 

Stony  Point — This  conclusion  is  further  sustained  by  the 
facts  to  be  observed  at  Stony  Point,  and  these  facts  come  into 
this  place  Although  the  locality  is  on  the  west  side  of  the  Hud- 
son ;  for  the  Cruger  schists  make  the  south  border  of  the  region 
precisely  as  near  Cruger's,  and  have  the  same  strike  and  dip, 
showing  a  likfe  relation  to  the  Cruger  limestone  belt  and  prov- 
ing its  former  extension  across  the  river.     For  further  compar- 
ison betwesn  the  geological  facts  of  the  east  and  west  sides  of 
the  river,  it  is  to  be  observed  that  the  succession  of  rocks  west 
of  Cruger's,  on  the  line  going  northward,  from  the  river  on  the 
Bouth  side  of  the  point  to  the  north  side  of  Montrose  Point,  is 
(1)  limestone ;  (2)  schist;  (8)  soda-granite  (with  some  included 
dioryte) ;  (4)  chrysolite  rocks ;  (6)  (on  Northern  Montrose  Point) 
noryte  and  chrysolitic  rocks  in  complicated  combination. 

The  same  is  the  order  on  Stonv  Point,  except  that  the  lime- 
stone is  not  in  sight  (no  doubt  because  submerged) ;  it  is :  (2) 
schists;  (3)  soda-granite ;  (4)  chrysolite  rocks,  followed  by  (5) 
noryte  and  chrysolite  rocks  combined.     (The  dioryte  or  the 
Crager  soda-granite  is  not  represented  there.)    On  the  map,  x 
is  the  area  of  the  schists;  y,  the  soda-granite;  3,  the  chrysolitic 
rocks,  and  z'  the  latter  with  noryte.     But  besides  being  the  same 
in  order,  there  is  evidence  that  the  soda-granite  succeeds  the 
tJchist  along  a  plane  of  bedding  of  the  schists,  as  if  conformable. 
This  is  apparent  at  the  junction  of  the  two  on  the  east-north- 
east shore  of  the  point.     Included  beds  of  schist  occur,  but 
the  covering  of  earth  prevents  a  determination  of  their  direc- 
tion.    Further,  the  chrysolitic  rocks  succeed  to  the  soda-gran- 
ite along  a  plane  parallel  to  the  same  plane  of  bedding,  as  is 
seen  just  west  of  the  boat-pier  near  the  middle  of  the  north- 
em  shore.     Besides  these  facts,  there  are  included  beds  of  fine- 
grained hornblende  rock  (schist?)  and  other  kinds  in  the  noryte 
and  chrysolitic  rocks,  which  are  in  general  conformable  to  the 
same  plane,  or  about  N.  70°  E.  in  strike,  with  a  dip  of  75°  to  80° 
to  the  northward. 
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Such  facts  sustain  the  inference  as  to  the  former  connection 
of  the  rocks  of  the  east  and  west  sides  of  the  river,  and  strongly 
favor  the  view  that  the  succession  in  the  rocks  noted  was  de- 
pendent originally  on  stratification. 

K  tlie  thickness  of  the  schists  at  Cruger's  Point  may  be  taken 
as  that  at  Stony  Point,  the  submerged  Cruger  limestone  is  to 
be  found  beneath  the  bottom  mud  of  the  river  within  a  few 
hundred  feet  of  the  southeast  shore. 

(2)  Vicinity  of  the  Peehskill  Limestone  areas. — The  Peekskill 
limestone  areas  have  similar  stratigraphical  relations  to  the 
noryte  and  the  other  Cortland  rocks.  One  of  the  two  areas 
extends  up  Sprout  Brook  or  Canopus  Hollow,  and  the  other  up 
the  valley  in  the  village  of  Peekskill  along  which  Center  street 
descends  toward  the  river.  The  southern  extremities  of  these 
areas  are  shown  on  the  map,  page  196 ;  the  former  has  the 
strike  N.  52°  E.  and  dip  75°  S. ;  the  latter,  N.  78°  E.  dip  75°  S. 
Figure  17  represents  a  section  about  1300  yards  in  length  from 
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north  to  south,  along  the  line  marked  abc  on  the  map,  starting 
from  the  limestone  at  the  mouth  of  Sprout  Brook,  near  the  Iron 
works.  The  limestone  (a)  lies  against  true,  whitish,  well-bed- 
ded, conformable  quartzyte  (a  to  6) ;  this  quartzyte  changes 
gradually  to  jointed  massive  granitoid  and  gneissoid  quartzyte, 
with  only  an  occasional  bedded  band  or  plane ;  each  such  band 
or  plane  is  conformable  in  direction  to  the  limestone  and  the 
adjoining  bedded  quartzyte.  This  quartzyte  (the  rock  referred 
to  on  page  24  of  this  volume)  continues  southward  to  the 
Center  street  valley,  but  on  the  north  side  of  the  valley,  just 
back  of  HilVs  Foundry,  it  is  followed  by  an  arenaceous  mica 
schist  (c  d)j  with  the  strike  varied  to  N.  78°  E.  the  dip  remain- 
ing the  same ;  then,  on  the  south  side  of  the  valley,  50  yards 
above  Baxter's  Iron  Works  (on  Water  street),  the  limestone  of 
the  second  belt  outcrops,  having  the  same  dip  and  strike  as  the 
mica  schist;  and  behind  these  iron  works,  thin-fissile  dark- 
gray  mica  schist  (containing  both  white  and  black  mica)  ap- 
pears conformable  in  position  to  the  limestone ;  then,  after  an 
earth-covered  interval  of  about  200  yards,  there  is  an  outcrop 
of  massive  noryte  along  South  street,  north  of  Hudson  street, 
which  is  without  bedding,  but  has  an  extremely  micaceous 
layer — a  kind  of  coarse  mica  schist — intersecting  it  near  its 
middle  which  is  conformable  in  its  strike  and  dip  with  the  mica 
schist  and  limestone  of  Center  street  valley;  and  it  shows  conform- 
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able  planes  of  bedding  also  near  its  south  extremity.  More- 
over, this  noryte  has  a  lighter-gray  color  and  contains  more 
aaartz  and  orthoclase  than  in  other  outcrops  more  remote  from 
le  mica  schist  and  limestone,  and  thus  exhibits  an  interme- 
diate character  corresponding  with  its  intermediate  position. 
This  stratification  in  portions  of  the  noryte  is  also  distinct  a 
mile  to  the  eastward  of  this  locality  on  the  same  side  of  the 
limestone,  at  the  point  mentioned  on  page  194. 

The  granitoid  and  gneissoid  quartzyte  of  Peekskill  looks 
mach  like  true  granite  and  gneiss  ;  but  its  transition  to  bedded 
quartzyte  shows  what  it  in  fact  is ;  and  this  is  confirmed  by 
the  examination  of  thin  slices,  the  quartz  in  it  proving  to  con- 
sist of  an  aggregation  of  grains  just  like  a  sandstone.  (The 
transition  oithis  granitoid  quartzyte  to  schist  or  slate  has  been 
mentioned  on  page  24) 

These  facts  are  all  in  favor  of  the  conclusion  that  the  noryte 
was  once  a  stratum  conformable  to  the  Peekskill  limestone 
areas. 

(8)  Vicinity  of  the  Verplanck  Limestone  belt. — The  Verplanck 
limestone  belt  follows  the  border  of  the  river  from  a  point  just 
north  of  the  foot  of  Broadway,  and  has  the  usual  strike  for  the 
county,  northeastward.  Like  the  Cruger  limestone  area,  it 
has,  on  the  landward  side,  with  a  small  exception,  a  border 
of  ordinary  mica  schist  or  micaceous  gneiys,  a  fine-grained 
arenaceous  rock,  the  feldspar  of  which  is  mostly  orthoclase. 
This  schist  extends  to  the  point  marked  d  on  the  map ;  at  c 
the  rock  is  massive  noryte,  but  no  junction  of  these  two  rocks 
is  here  in  sight 

The  exception  referred  to  is  at  the  southwest  extremity  of 
the  belt  on  the  river.     Here  there  lies  against  the  eastern  side 
of  the  limestone  a  great  mass  of   grayish  or  brownish-black 
rock  of  the  Cortland  series..    It  is  mostly  pyroxenyte,  moder- 
ately coarse  in  grain,  but  varies  to  a  kind  in  which  the  augite 
individuals  are  half  an  inch  broad,  and,  on  the  other  hand,  to 
a  fine-grained  variety  ;  and  it  contains,  besides  augite,  a  little 
hornblende,  quartz,   calcite,   and    apatita      But   portions    of 
ihe  mass  consist  of  coarsish  hornblendy te ;  and  a  small  part 
of  micaceous  augite-noryte  ;  and  there  are  also  broad  and  nar- 
row bands  of  very  fine-grained  black  hornblendic  mica  schist, 
not  showing  well  a  schistose  structure,  part  of  which  are  con- 
formable in  strike    and  dip  with  the  beds  of  the  limestone, 
while  others  are  in  other  positions.     All  the  material  is  very 
pyrrhotitic.      Besides,   it  contains    the  remarkable   limestone 
oreccia,  of  which  a  portion  three  feet  square  is  represented  on 
page  202. 

This  singularly  constituted  mass  shows  no  appearance  that 
looks  like  a    subdivision  into  dikes  or  veins,  except  in  the 
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bands  of  hornblendic  mica  schist :  one  of  these  bands  has  a 
border  of  the  micaceous  augite-noryte  just  mentioned.  In  the 
limestone  just  north  of  this  mass,  facing  the  river,  oocar  the 
supposed  dikes  or  veins  mentioned  on  page  202.  Some  of  them 
consist  of  pyroxeny te  ;  others  of  coarsish  homblendyte ;  verj 
fine-grained  hornblendic  rock  looking  like  hornblende  schist 
{Ae) ;  very  fine-grained  hornblendic  mica  schist ;  augite-noryte. 

As  already  admitted,  there  is  here  abundant  evidence  of 
a  former  plastic  state  in  at  least  part  of  this  augitic  and  horn- 
blendic material.  .  Still,  there  are  strong  reasons  for  question- 
ing the  idea  of  its  deep-seated  origin.  (1.)  The  variety  in  the 
constitution  of  the  mass  bordering  the  limestone  and  in  the  sap- 
posed  dikes  or  veins  is  very  unlike  what  is  ordinarily  found  id 
regions  of  igneous  eruption.  (2.)  The  supposed  veins  or  dikes 
are  for  the  most  part  conformable  with  the  bedding  of  the 
limestone  and  partake  in  its  flexures,  just  as  if  they  had  been 
originally  beds  alternating  with  the  limestone  Repositions. 
(8.)  The  impregnation  of  the  limestone  along  the  junctions 
with  pyroxenic  or  hornblendic  material,  sometimes  minute 
crystals,  looks  as  if  it  may  have  been  in  part  at  least  a  result  of 
mixture  attending  original  deposition. 

Further  (4.),  there  is  the  decisive  fact  that  these  intercalated 
masses  are  represented  to  the  northward  by  bands  ten  feet  and 
less  to  over  thirty  feet  in  thickness,  of  a  black  fine-grained 
mica  schist,  very  pyritiferous.  Going  from  the  Point,  the  first 
outcrops  of  interstratified  schist  and  limestone  occur  after  an 
earthy  interval  of  300  yards,  and  here  the  mica  schist  is  hem- 
blendicj  a  feature  it  loses  to  the  northward.  These  beds  of 
mica  schist  have  just  the  positions  of  most  of  the  supposed 
"veins,"  and  appear  to  be  their  more  northern  portions;  and 
further,  among  the  more  northern  "  veins "  of  tne  Verplanck 
shore  some  are  simply  mica  schist.  Such  facts  explain  also 
many  of  the  vein-like  bands  of  Montrose  and  Stony  Pointa 
The  difference  in  mineral  constitution  between  such  interstrati- 
fied beds  to  the  northward  and  on  the  shore  is  what  should  be 
expected ;  for  the  limestone  is  bordered  to  the  eastward  in  the 
one  case  by  true  mica  schist,  and,  in  the  other,  by  augitic  or 
hornblendic  beds  ;  and  the  associations  at  Montrose  and  Stony 
Points  are  similar.  This  view  is  also  sustained  by  the  occur- 
rence in  the  limestone  near  the  schist,  1000  yards  from  the 
Point,  of  coarse  spots  of  pyroxene  with  mica  and  chlorite, 
rudely  in  layers,  which  must  be  due  to  the  original  deposition 
of  impurity  and  metamorphic  action.  The  augitic  rock  (pyrox- 
enyte)  on  tne  east  of  the  limestone  at  the  Point  outcrops  (owing 
to  excavations  in  the  drift)  for  200  yards  from  the  shore ;  but 
its  place  beyond  this  continues  covered  for  three-fourths  of  a 
mile,  and  here  the  rock  is  arenaceous  mica  schist ;  the  spots  of 
pyroxene  are  its  only  representative. 
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The  essential  continuity  of  these  intercalated  beds  of 
mica  schist  with  the  intercalated  beds  of  augitic  and  horn- 
blendic  material  along  the  coast  proves  identity  of  origin,  and 
origin  by  sedimentation.  It  inaicates  also  a  small  change  of 
constitution  in  the  beds  as  they  extend  in  that  direction.  The 
plasticity  occasioned  in  part  of  the  latter,  during  the  progress 
of  the  metamorphism,  accounts  for  all  that  looks  like  eruptive 
phenomena,  even  to  the  broken  feldspar  grains  found  in  a  slice 
of  the  pyroxenyte  of  one  of  the  so-called  veins.  There  is  no- 
where evidence  of  injection  into  or  through  cold  rocks. 

(4)  Vicinity  of  the  smaller  limestone  areas  of  the  Verplanck 
Peninsula, — Six  small  limestone  areas  occur  in  the  Verplanck 
peninsula.  They  are  lettered  on  the  map  1  to  5  and /.  Number 
S  has  the  strike  of  the  large  Verplanck  belt,  and  has  about  it 
the  same  arenaceous  mica  schist  The  others  are  }n  the  midst 
of,  or  adjoin,  the  noryte,  dioryte,  and  chrysolitic  rocks,  and 
hence  might  be  put  down  among  the  "  inclusions''  of  the  region. 
In  addition,  they  have  a  northwest  strike  (N.  17°-40°  W.)  But 
this  is  the  strilce,  in  part  of  Cruger's  limestone  area,  and  in  a 
portion  of  the  Verplanck  belt,  so  that  the  twist  is  not  confined 
to  them.  And,  among  so  extensive  masses  of  rock  that  became 
'  plastic  or  fused  in  the  era  of  upturning,  this  abnormal  position 
of  included  strata  is  not  strange.  Numbers  2  and  5  are  prob- 
ably parts  of  one  belt;  and  numbers  1  and  4  may  be  in  the 
same  line,  though  disconnected  by  intervening  rocks.  The 
following  are  some  of  the  stratigraphical  facts  observed  among 
them. 

No.  4,  at  Centerville,  has  at  middle  on  its  east  side  the  com- 
pact porphyritic  mica  rock,  Cb,  which  is  schistose  directly  adjoin- 
ing the  limestone  in  the  field  west  of  the  road,  and  has  the 
strike  of  the  limestone  N.  47°  W.  But  to  the  westward  in  the 
field  (in  which  the  limestone  can  be  traced  for  250  yards  with 
a  change  of  strike  to  N.  62°  W.)  the  mica  rock  changes  to 
homblendyte  and  quartz-dioryte ;  and  to  the  southeastward 
along  the  road,  augite-noryte  appears  within  a  few  feet  of  the 
limestone,  both  the  feldspathic  fine-grained  (almost  cryptocrys- 
taUine)  variety  {Bc\  and  the  coarser  dark  variety.  Whether 
this  latter  change  in  the  bordering  rock  is  due  to  a  fault  or  not, 
could  not  be  ascertained ;  it  was  not  due  to  an  intrusive  dike. 
No.  6  outcrops  on  the  railroad  at  5  (see  map)  and  on  two 
roads  at  5'  and  5",  with  the  strike  N.  82°  W.  Between  Mont- 
rose Station  and  this  limestone  at  5'',  the  rock  is  noryte,  except- 
ing some  grayish  augitic  rock  (Be)  at  the  corner  (Munger's), 
where  the  road  turns  west,  and  an  outcrop  of  chrysolitic  noryte 
(hypersthene  rock)  135  yards  west  of  Munger^s.  Eighty  yards 
beyond  the  chrysolitic  rock  comes  the  outcrop  of  limestona 
One  hundred  and  fifty  yards  west  of  the  small  exposure  of 
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limestone,  on  the  north  side  of  the  road,  a  ledge  commences 
which  extends  along  for  nearly  350  feet,  with  no  dike-like  sub- 
divisions. It  cofisists  mainly  of  noryte  and  afigite-noryte^  but 
witii  some  hornbhndyte  and  noryie-gneiss^  and  has  distinct  planes 
of  beddijig  in  several  places,  all  of  which  are  conformable  to  one 
another.  The  strike  of  its  beds  is  N.  27°  W.,  or  nearly  that  of 
the  limestone,  and  the  dip  60°  to  70°  E.  Part  of  the  noryte 
is  garnetiferous.     Figures  V8,  19,  represent  the  stratification 
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observed  in  the  ledge — fig.  18  the  eastern  portion,  and  19  the 
western ;  forty  feet  of  earthy  interval  separates  the  two.  At 
the  east  end,  at  a,  the  rock  (as  a  slice  shows)  is  hornblendyte 
(with  about  equal  proportions  of  orthoclase  and  triclinic  feld- 
spar), and  it  is  schistosa  It  passes  at  the  place  to  coarsish  quartz- 
dioryte.  At  6,  it  is  well-defined  micaceous  gneiss  or  noiyte- 
gneiss,  attbrding  perfect  observations  of  the  strike  and  dip.  West 
of  this  the  rock  is  mainly  noryte  and  augite- noryte.  At  c,  for 
eight  feet,  black  bands  (or  beds  less  feldspathic  than  the  rest) 
alternate  with  the  ordinary  gray-black  rock,  and  exemplify  the 
conformability  stated,  though  without  divisional  planes;  at  (?, 
are  divisional  planes  in  the  gray-black  augite- noryte,  having 
the  strike  N.  27°  W.  and  dip  70°  E.     At  e,  is  a  much  decern- 

t>osed  micaceous  gneissic  layer  (noryte-gneiss  apparently)  con- 
ormable  in  strike,  but  varying  in  dip  from  40°  E.  to  60°  E; 
at  J]  a  distinct  bed  of  light-colored  very  feldspathic  augite* 
!ioryte,  deeply  decomposed,  having  the  conformability ;  at  g, 
or  the  west  end,  the  i\)ck  is  again  micaceous  and  gneissic,  with 
some  garnets,  the  bedding  distinct,  and  N.  27°  W.  in  strike  as 
at  the  east  end. 

This  ledge,  although  made  up  mainly  of  massive  noryte  and 
aumt<?- noryte,  l>ears  thus  j>ositive  evidence  of  its  having  once 
had  Innlding  throughout,  and  afibnls  thereby  a  demonstration 
that  its  noryie  is  of  metamorphic  origin,  and  that  the  asscx^iated 
bevls  comprised  also  the  limestone  of  the  region. 

(5)  A  bed  of  quartzyte  iu  noryte. — About  half  a  mile  east  of  the 
limestone  number  5,  abi^>ui  the  Montrose  Station,  the  rock  is  the 
onlinary  dark -colored  noryte.  120  yards  up  the  road  going 
northeastwani  from  the  station,  a  bed  of  ichitish  gramioid  quartz- 
yte  outeroj^s  on  the  roadside  for  seventy  yards,  first  on  the  west 
and  then  on  the  east  side.    This  bed  of  quartzyte  cverlm 
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noryte.  The  noryte  near  the  quartzyte  is  micaceous,  quartzose 
and  schistose,  and  that  underneath  is  of  the  ordinary  massive 
kind.  There  is  evidence  also  that  the  bed  of  quartzyte  has 
noryte  above  as  well  as  below  it  The  quartzyte  looks  some- 
what like  a  pale  quartzose  porphyritic  granite ;  but,  as  observed 
in  thin  slices,  the  quartz  consists  of  aggregated  grains  like 
sandstone ;  showing  a  resemblance  to  the  Peekskill  quartzyte. 
The  feldspar  is  mainly  orthoclase. 

C.  COKOLUBIONS  AS  TO  THB  GOBTLAND  ROOKS. 

Many  more  observed  facts  might  be  here  reported.  But  the 
above  appear  to  be  sufficient  to  settle  the  question  as  to  the  re- 
lations of  the  rocks  of  the  Cortland  series.  They  appear  to 
sustain  fully  the  following  conclusions  : 

(1)  These  rocks,  although  they  include  soda-granite,  noryte, 
augite-noryte,  dioryte,  homblenayte,  pyroxenyte,  and  chryso- 
litic  kinds,  are  not  independent  igneous  rocks  erupted  from 
great  depths. 

(2)  However  complete  their  former  state  of  fusion  or  plas- 
ticity may  have  in  some  cases  been,  they  are  metamorphic  in 
origin. 

(3)  The  strata  that  underj^^ent  the  metamorphism  were  one 
in  series  and  conformability  with  the  adjoinmg  schists  and 
limestone,  and  were  part  of  the  Westchester  limestone  series. 

(They  are  younger  rocks  if  of  diflFerent  age,  since  they  con- 
tain and  intersect  portions  of  the  Verplanck  limestone.) 

(4)  These  Cortland  rocks  diflfer  from  the  other  Westchester 
County  rocks  because  the  metamorphic  process  had  to  do  with 
sedimentary  beds  that  diflfered  in  constitution  or  were  in  some 
respects  under  different  conditions  from  those  that  existed  else- 
where. 

On  the  view  reached,  it  follows  that  the  limestones,  schists, 
aad  other  rocks  of  the  Cortland  region  originally  constituted 
together  one  series  of  horizontal  strata.  They  underwent  an 
upturning  through  subterranean  movements,  and  in  the  course 
of  it,  they  became  metamorphosed ;  part  into  mica  schist  and 
gneiss,  part,  by  loss  of  bedding,  into  the  massive  rocks.  The 
number  of  these  rocks  does  not  imply  widely  diflFerent  ingre- 
dients in  the  original  strata.  For  hornblendyte  and  pyroxen- 
yte have  the  same  chemical  constitution  ;  the  chrysolitic  rocks 
contain  no  ingredient  not  in  them  also,  and  are  peculiar  mainly 
in  their  less  proportion  of  silica.  Moreover,  the  dioryte,  noryte 
and  augite-noryte  are  alike  in  containing  the  same  bases  in 
nearly  the  same  proportions.  The  soda-granite  differs  in 
chemical  constituents  only  through  its  mica,  which  indicates 
the  presence  of  potash ;   but  the  other  rocks  also  are  often 
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micaceous  and  contain  in  addition  more  or  less  orthoclase. 
Silica,  alumina,  iron  protoxide,  magnesia,  lime,  soda,  potash, 
are  all  the  essential  ingredients  obtained  in  analyses  of  these 
various  rocks  (excluding  the  magnetite,  apatite,  pyrrhotite*  and 
pyrite);  and  it  is  not  mysterious,  therefore,  that  such  rocks 
shoula  be  among  the  results  of  metamorphism. 

The  title  of  this  paper  might,  therefore,  well  have  been 
Soda-granite,  noryte,    dioryte,   homblendyte,  pyroxenytty    and 
various  chrysolitic  rocks  made  through  vietamorphic  agencies  in 
one  metamorphic  process. 

The  geologist  will  nowhere  on  the  continent  find  a  more  iu^ 
structive  spot  for  a  day^s  walk  than  in   the  western   portion  of 
the  Cortland  region.     Starting  from  Cruger's  Station  (87  ra. 
from  New  York  City),  a  walk  of  half  a  mile  brings  him  to  the 
western  brick-yard  shed ;  going  north  from  here  by  a  wood 
road  carries  him  along  section  8,  and  in.  less  than  a  mile  in  a 
northerly  direction  (passing  brick-yards  at  the  end  of  it)  he 
will  reach  Montrose  Point  and   the  chrysolitic  rocks ;  follow- 
ing these  around  by  the  shore  for  about  a  mile  he  will  then 
pass  a  brick-yard  on  the  point,  and  beyond  it  find  the  norytes 
and  chrysolite  rocks  together ;  a  mile  and  a  half  more  (pass- 
ing on  the  route  the  large  Verplanct:  ice-house)  will  take  him  to 
Broadway,  in  the  village  of  Verplanck,  near  the  foot  of  which 
street,  on   the   shore,  occur  the  limestone  and  its  associated 
augitic  and  hornblendic  rocks.     Thus,  in  a  distance  of  seven 
miles,  he  will  see  a  wonderful  diversity  of   rocks  and  facts. 
Possibly  he  may  be  convinced,  at  the  end  of  the  walk,  that 
igneous  eruption  explains  every  thing.     But  let  him  go  over 
this  ground   a   second   time    more  carefully,    then  trace  the 
rocks  of  Verplanck  Point  northeastward,  and  afterward  extend 
his  walks  in  other  directions  over  the  Cortland  region,  and  he 
may  see  enough  to  satisfy  himself  finally  that,  although  there 
has  been   fusion  and  some  eruption,  it  was  not  eruption  from 
the  earth's  deeper  recesses,  like  that  which  brought  up  trap 
(doleryte)  through  a  series  of  great  fissures  for  a  thousand  miles 
along  the  Eastern  Atlantic  border,  from  the  Carolinas  to  Nova 
Scotia,  all  of  it  rock  of  one  kind  essentially,  but  eruption  from 
less  depths,  not  greater  than  the  lower  limits  of  a  series  of 
formations  that  were  subjected  together  to  foldings,  fractures, 
and  metamorphic  change,  and  mostly  far  short  of  this. 

The  next  subject  is  the  distribution  of  the  limestone  areas 
of  the  county. 

*  Pyrrhotite  is  tho  common  iron  sulphide  of  the  uorytos,  bornblend3rte,  pjrrox* 
euyte  and  chrysolitic  rocks,  and  it  is  abundant  also  in  the  mica  scliist  that  occtin 
intcrstratitied  with  the  Verplanck  limestone. 

[To  be  continued.] 
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Art.  XXVI. — TTie  Permian  and  other  Paleolsoic  Groups  of  tlie 
Kanah  Valley^  Arizona ;  by  C.  D.  Wallcott. 

[Taken  fWmi  the  report  of  fleldwork  by  permission  of  tho  Director  of  the  United 

States  Geological  Survey.] 

The  Kanab  Valley  heads  on  the  high  divide  between  the 
Colorado  and  Salt  Lake  Basin,  and  extends  southward,  seventy 
miles,  through  Southern  Utah  and  Northern  Arizona  to  the 
level  of  the  river  in  the  Grand  Cafion  of  the  Colorado.  It  is 
somewhat  open  in  its  upper  portion  before  entering  the  terrace 
Canons  of  the  White  and  Vermilion  Cliffs.  '  Opening  out  be- 
low the  latter  into  a  low  broad  valley,  it  breaks  through  the 
escarpment  of  the  Shinarump  Cliff,  and  narrowing  a  few  miles 
to  the  south,  enters  the  Cafion  worn  down  through  the  Carbon- 
iferous and  Silurian  formations  to  the  depths  of  the  Grand 
Cafion. 

During  the  field  season  of  1879  a  detailed  section  was  taken  of 
the  strata  exposed  along  its  entire  course.  The  section  embraces 
13,800  feet  of  bedded  rocks  ranging  in  time  from  the  Lower 
Tertiary  to  the  Upper  Primordial. 

The  strata  are  conformable  by  dip,  although  unconformity 
by  planes  of  erosion  occurs  in  several  instances. 

In  the  present  note  the  Permian  and  other  Paleozoic  groups 
will  be  spoken  of  as  they  were  observed  south  of  the  Shina- 
ramp  Cliff  and  in  the  lower  Cafion  of  the  Kanab  Valley. 

The  accompanying  tabulation  of  the  subdivisions  of  the  Pa- 
leozoic gives  the  general  stratigraphical  features  of  this  portion 
of  the  section. 

The  Permian  group  terminates  above  with  ripple-marked, 
banded,  reddish-brown,  and  chocolate-colored  arenaceous  shales 
and  sandstone.  A  plane  of  unconformity  by  erosion  separates 
it  from  the  overlying  Shinarump  conglomerate,  which  is  con- 
sidered as  the  base  of  the  lowest  Mesozoic  group.  It  is  un- 
doubtedly of  Triassic  age,  but,  as  yet,  this  has  not  been  deter- 
mined by  paleontological  evidence  in  the  Colorado  Valley. 

The  chocolate  arenaceous  shales  give  way  below  to  drab  or 
lavender-colored  arenaceous  and  gypsiferous  marls  and  shales, 
that  pass,  midway  of  the  group,  into  reddish-brown  shales  of 
the  same  general  character.  A  thin  stratum  of  impure  lime 
stone  is  intercalated  in  this  bed  forty -four  feet  above  the  sum- 
mit of  the  lower  division  and  fifteen  feet  above  a  band  of  im- 
pare  shaly  limestone.  This  band  of  limestone  is  of  variable 
thickness  and  character,  and  forms  the  base  of  the  upper  di- 
vision. Numerous  fossils  occur  in  it  and  the  associated  arena- 
ceous layers. 

The  summit  of  the  lower  division  was  slightly  eroded  ante- 
cedent to  the  deposition  of  the  limestone.     The  upper  bed  is  a 
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Plank  of  Unconporiiity  by  Erosion. 


Upper 
Permian. 
710  feet 


6yp8iferou8  and  arenacooufl  shales  and  marla.  witti 
impure  shaly  limestones  at  the  base. 


Plane  of  Unoonpormity  by  Krobion. 


L.  P.     146  ft. 


Same  as  upper  division  with  more  massive  limestone 
at  the  base. 


Plank  of  Unconformity  by  Erosion. 


Upper 

Aubry. 

835  feet. 


Massive  eherty  limestone  with  arenaceous  jjjypsifer- 
ou8  l)ed  passing  down  int«)  calciferous  sandrocJc. 


Lower 

Aubry. 

1455  feet. 


Friable  reddish  sandstones  passing  into  more  com- 
pact and  massive  IhmIs  below.  A  few  filets  of  im- 
pure limestone  are  intercalated. 


Red  Wall 

Limestone. 

970  feet 


Arenaceous  and  eherty  limestone  235  feet,  with 
massive  limestone  beneath.  Oherty  layers,  coincident 
with  the  bedding,  in  the  lower  portion. 


Plans  of  Unconformity  by  Eboaion. 


Devonian. 
100  feet. 


Sandstones  and  impure  limestones. 
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Plank  of  Unconformity  by  Rroaion. 


235  feet 


Massive  mottled  limestone  with  50  feet  of  sandstone 
at  the  base. 


Tonto  Thin-bedded  mottled  limestone  in  massive  layers. 

Primordial   <     Green  arenaceous  and  micaceous  shales  100  feet,  at 
550  feet     |     the  base. 


Entire  thickness  of  Paleosoic.  5000  feet 
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)rown  gypsiferous  marl  that  becomes  more  arenaceous 
nally  passing  into  a  sandstone  that  rests  on  the  choco- 
cream-colored  limestone  beneath.  This  has  suflFered 
e  denudation  by  erosion  and  is  now  found  only  ifa 
Torn  ten  to  twenty  feet  in  thickness  over  limited  ai*eas, 
stone  filling  the  spaces  between.  Recent  erosion  has 
mels  down  through  each  to  the  formation  beneath, 
a  member  of  the  Upper  Aubry  group.  A  slight  plane 
n  with  an  entire  change  in  the  character  of  the  rock 
;  the  two  groups. 

ermo-carboniferous  of  Mr.  G.  K.  Gilbert*  is  the  same 
wer  division  of  the  Permian.     It  is  placed 'as  a  subdi- 

the  group,  now  that  the  beds  above  are  known  to  be 
an  age. 

.ratigraphy  of  the  section  shows  a  group  separable  into 
iions,  defined  above  and  below  by  planes  of  unconform- 
osion  and  a  decided  change  in  the  character  of  the 
n  those  of  the  subjacent  and  superjacent  formations. 

no  physical  break  in  the  beds  above  the  Permian  lime- 

the  upper  division  before  the  conglomerate  is  reached, 
itigraphical  arrangement  is  sustained  by  the  evidence 
una  found  in  the  limestones  and  associated  arenaceous 

the  upper  division, 
enera  Myalina^  Schizodus,  Nucula^  Amcidopecten^  Murchi- 
aticopsis  and  Goniatiies  are  represented  in  the  lower 
^colored  limestone.  The  fauna  is  distinct  in  specific 
-  from  that  of  the  Carboniferous  groups  beneath,  and 
imately  related  to  that  of  the  fossiliferous  beds  of  the 
ermian  division.  Mr.  G.  K.  Gilbert  obtained  from  this 
rizon  PleurophoruSy  Schizodus  and  Bakevellia  a  group 

as  he  states,  suggesting  the  Permo-carboniferous  of  the 

pi  Valley.f 

y-three  genera  represented  by  thirty-four  species  com- 

fauna  of  the  upper  division.     Of  these  the  following 

)ng  Paleozoic  relations :  Scolithus ?,  Lingula  myti- 

sciiia  niiida^  Orthis ?^  Wiynchonella  Uta^  Terebratula 

^ucula,  2  species,   Aviculopecten^  3  species,  Myalina^  4 

Naticopsis^  2  species,  Pleurotomaria ?j  Macrocheilus 

frtoceras ?,  Ooniatites .^,  and  Nautilus f. 

ermian  character  of  the  fauna  is  more  marked  by  the 

of  Pleurophorus,  3  species,  Schizodus .?,  3  species 

ellid  including  B,  parva,  Pteria .^,  Mytilus .^, 

— .^,  and  the  still  more  typical  Mesozoic  genera  Pen- 
in  d  Pikolus ?, 

'entacrinus  plates  were  discovered  by  Mr.  Edwin  E. 

r  Survey,  West  of  the   100th  Meridian,  iii,  p.  177,  1876.     Also,  see 
arvin's  Report  in  same.  p.  213. 
177. 
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Howell,  below  the  Shinarump  conglomerate  in  Southwestern 
Utah.  They  belong  to  a  species  distinct  from  P.  asieriscus  of 
the  Jurassic.  Three  species  are  now  known  to  pass  from  the 
lower  division  to  the  limestone  of  the  upper  division. 

The  Permian  character  of  the  fauna,  taken  with  the  evidence 
afforded  by  the  stratigraphy,  clearly  establishes  the  Permian  as 
a  well-defined  and  distinct  group  in  the  Colorado  Valley.  It 
occurs  at  the  same  horizon  as  the  Permian  determined  by  Mr. 
Clarence  King  in  Northern  Utah,  Western  Colorado,  and  South- 
ern Wyoming,  fully  corroborating  the  views  advanced  by  him 
of  the  age  of  the  beds  resting  on  the  **  Bellerophon  bed  "  of  the 
Upper  Carboniferous.* 

The  Permian  as  found  in  the  Kanab  section  undoubtedly 
extends  to  the  west,  cast  and  southeast  in  Arizona  and  New 
Mexico,  f 

Mr.  Jules  Marcou  referred  the  beds  resting  on  the  Carbonif- 
erous at  the  crossing  of  the  Little  Colorado  to  the  Permian. 
He  says  4  "  This  formation,  which  is  placed  between  the  Car- 
boniferous and    the  Trias,  corresponds  without  doubt,  to  the 
magnesian  limestone  [Permian]  of  England."    The  proof  of  this 
was  entirely  stratigraphical,  but  Mr.  Marvin's  discovery  of  Per- 
mo- carboniferous  fossils  at  the  same  horizon  and  locality,  and 
on  the  same  horizon  of  those  obtained  by  Mr.  Gilbert,  which 
are  known  to  have  come  from  the  lower  division  of  the  Per- 
mian, as  given  in  the  present  note,  tends  to  prove  that  Mr. 
Marcou  was  correct  in  his  original  reference  of  the  beds  he 
mentioned  to  the  Permian  and  entitles  him  to  the  claim  he  as- 
serts of  adding  a  new  member  to  the  series  of  secondary  rocks 
in  North  America,  although,  elsewhere,  he  includes  a  portion 
of  the  Upper  Aubry  group  in  his  Permian. 

The  Carboniferous  formation  is  divided  into  three  great 
groups.  Upper  Aubry  and  Eed  Wall  limestones  with  the 
intermediate  Lower  Aubry  sandstones.  The  contained  fauna 
is  of  the  Coal-measure  type,  except  near  the  base,  where  there 
is  an  assemblage  of  forms  uniting  a  few  coal-measure  species 
with  a  much  larger  proportion  of  a  Lower  Carboniferous  char 
acter. 

The  Carboniferous  rests  on  the  slightly  eroded  surface  of  the 
Devonian  formation.  The  Devonian  beds  are  very  variable  in 
character,  and  of  little  vertical  range.  At  their  greatest  devel- 
opment, when  increased  by  being  deposited  in  a  hollow  of  the 
limestone  beneath,  there  is  but  100  feet  of  purple  and  cream- 
colored  limestone  and  sandstone  passing  into  gray  calciferoos 
sandstone  above.     Over  the  knolls  of  Silurian  limestone  the 

*  KxpIoratioD  of  the  40th  Parallel,  i,  pp.  246,  246,  and  atlas  maps  of  the  same, 
f  Messrs.  Marcou,  Newberry,  Shumard,  Gilbert,  Marvin  and  HoweU  all  give 
information  of  this  horizon. 

X  Pacific  R.  R.  Report  III,  pt.  iv.     Resume,  p.  1 70. 
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upper  beds  alone  extend  with  a  thickness  of  fromlO  to  SO  feet. 
Tiie  puq)le  sandstones  deposited  iu.the  hollows  of  the  Silurian 
limestone  are  characterized  by  the  presence  of  Placoganoid 
fishes  of  a  Devonian  type.  The  Silurian  limestone  was  exten- 
sively eroded  antecedent  to  the  deposition  of  the  superjacent 
Devonian  beds.  Hollows  80  feet  deep  are  seen  that  were  worn 
in  the  evenly  bedded  strata.  The  upper  235  feet  may  belong 
to  about  the  time  of  the  Carboniferous  group.  The  450  feet 
of  mottled  Kmestone  and  100  feet  of  arenaceous,  micaceous 
shales  is  shown  to  be  of  Primordial  age  by  the  presence  of  Inn- 
gulepis prima^Oonocepfialites  and  Bathyurus  in  the  upper  portion, 
and  Hyclithes  primat'dialis,  Linguists,  OrepicepaltiSj  and  the 
species  found  aoove  in  the  lower  beds. 

The  missing  Silurian  groups  may  not  have  been  deposited 
in  this  region,  or,  what  is  quite  probable,  their  representatives 
were  removed  in  the  period  of  erosion  that  followed  the  close 
of  the  Silurian  time,  and  has  left  traces  of  its  action  in  the  hol- 
lows and  irregular  surface  over  which  the  Devonian  beds  were 
spread. 


Art.  XXVn.  —  Preliminary  Account  of  a  Speculative  and 
Practical  Search  for  a  Trans-neptunian  Planet;  by  D.  P. 
Todd,  M.A.,  Assistant  Nautical  Almanac. 

Introductory  and  HistoricoL 

Thk  suggested  probability,  on  scientific  grounds,  that  there 
revolves  about  the  sun  a  second  planet  exterior  to  the  orbit  of 
Uranus,  is  not  new.  So  early  as  1884,  when  the  foremost 
istronomers  of  the  day  were  by  no  means  settled  in  their  con- 
notions  that  even  the  greater  portion  of  the  then  rapidly  in- 
creasing residuals  in  the  longitude  of  Uranus  was  due  to  the 
perturbing  action  of  a  single  exterior  planet,  Hansen  is  credited 
with  expression  of  the  opinion,  in  correspondence  with  the 
elder  Bouvard,  that  a  single  planet  would  not  account  for  the 
differences  between  theory  and  observation.*  Dr.  Gould,  how- 
e?er,  in  his  Report  on  the  History  of  the  Discovery  of  Neptune ^\ 
t  wys,  "I  have  the  authority  of  that  eminent  astronomer  himself 
[Hansen]  for  stating,  that  the  assertion  must  have  been  founded 
on  some  misapprehension,  as  he  is  confident  of  never  having 
expressed  or  entertained  that  belief.'^  Professor  Peirce*s  criti- 
cism of  the  investigations  of  LeVerrier,  to  the  effect  that  his 
predicted  orbit  of  Neptune  was  so  widely  discordant  from  its 

♦  Memoirs  Royal  Astronomical  Society,  vol.  xvi,  p.  388. 
f  Published  by  the  Smithsonian  Institution,  1850. 

Am.  Jour.  Sci.— Third  Sbrtbs,  Vol.  XX,  No.  117.— Sept.,  1880. 
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observed  orbit  as  to  indicate  that  his  computations  did  not  per- 
tain to  the  actual  disturbing  planet,  elicited  from  him  the  reply 
that  the  perturbations  of  Uranus  due  to  a  possible  planet  exte- 
rior to  Neptune  might  readily  cause  an  uncertainty  of  5"  to  7" 
in  the  fundamental  data  of  his  research. 

In  1866f  the  Smithsonian  Institution  published  the  general 
tables  of  Neptune,  by  Professor  Newcomb.  In  the  investiga- 
tion of  its  orbit  the  author  proposed :  "  8.  To  inquire  whether 
those  motions  [of  NeptuneJ  indicate  the  action  •of  an  extrar 
Neptunian  planet,  or  throw  any  light  on  the  question  of  the 
existence  of  such  a  planet''  He  concludes  (page  78)  that  it  is 
**  almost  vain  to  hope  for  the  detection  of  an  extra-Neptunian 
planet  from  the  motions  of  Neptune  before  the  close  of  the 
present  century." 

In  1878,  the  Smithsonian  Institution  published  the  general 
tables  of  Uranus,  by  Professor  Newcomb.  His  success  in  the 
treatment  of  the  theory  of  Uranus  was  such  that  astronomers 
generally  may  be  said  to  have  been  satisfied,  from  the  small- 
ness  of  the  longitude-residuals,  that  there  existed  no  evidence 
of  perturbative  action  upon  Uranus  other  than  that  actually 
taken  into  account  in  the  construction  of  the  tables.  It  is  well 
known,  howe.ver,  that  since  the  publication  of  these  tables  the 
error  of  longitude  has  been  on  the  negative  increase,  and  the 
latest  observations  place  the  planet  increasingly  more  in  ad- 
vance of  its  theoretic  position. 

Sometime  in  the  spring  of  1874,  the  first  preliminary  outline 
of  the  very  simple  method  which  I  have  here  employed  in  the 
treatment  of  planetary  residuals  with  reference  to  exterior  per- 
turbation, suggested  itself  to  me.  For  more  than  three  years^ 
very  little  opportunity  oflFered  for  consideration  of  the  problem 
of  a  trans-neptunian  planet,  and  I  gave  it  merely  desultory 
attention.  In  August,  1877,  however,  I  began  to  devote  the 
larger  portion  of  my  leisure  time  to  the  theoretic  side  of  the 
question.  It  was  soon  evident  that  no  certain  hold  upon  any 
possible  cause  of  exterior  perturbation  could  be  obtained  from 
the  residuals  of  Newcomb's  tables.  And  I  may  remark  here 
that  I  have  consequently  chosen  the  term  speculative  rather 
than  theoretic  as  applying  more  fitly  to  the  investigation  which 
preceded  the  actual  telescopic  search. 

!7%6  SpecukUive  Search. 

While  the  magnificent  researches  of  LeVerrier  and  Adams 
on  the  perturbations  of  Uranus  are  masterpieces  of  analytic 
skill,  I  felt  that  they  should  not  be  taken  as  models  in  the 
present  investigation — for  two  reasons : 

(1)  The  residuals  of  longitude  which  must  form  the  basis  of 
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the  investdgation  are  not  sufficiently  well  marked  to  justify  the 
execution  of  so  laborious  a  research,  especially  if  it  be  found 
that  a  simple,  rational  treatment,  unencumbered  with  the  re- 
finements of  analysis,  may  be  fairly  interpreted  as  indicating 
the  position  of  an  exterior  perturbing  body  with  merely  a 
roagn  approximation. 

(2)  ffven  in  the  case  of  Uranus,  and  the  theoretic  search  for 
Neptune,  where  the  residuals  of  longitude  were  very  strongly 
marked,  many  of  the  elements  pertaining  to  the  aisturbing 
planet  which  Adams  and  LeYerrier  sought  to  determine  theo- 
retically, turned  out  afterward,  when  their  real  values  became 
known,  to  have  been  indicated  with  only  meagre  precision. 
Much  less  should  we  now  expect  these  elements  to  be  given 
with  any  certainty  in  the  case  of  a  planet  exterior  to  Neptune. 
I  was  also  much  impressed  by  a  remark  in  Sir  George  Airy's 
Account  of  some  Circumstances  historically  connected  with  the 
Discovery  of  the  Planet  exterior  to  Uranus — "I  have  always 
considered  the  correctness  of  a  distant  mathematical  result  to 
be  a  subject  rather  of  moral  than  of  mathematical  evidence."* 
This  provisional  treatment  of  the  residuals  of  Uranus  was 
undertaken,  then,  as  a  preliminary  to  the  proposed  telescopic 
search,  to  determine  whether  that  search  was  worth  undertak- 
ing ;  and,  if  so,  at  what  point,  approximately,  it  was  best  to 
b^in.  I  should  remark,  also,  that  this  portion  of  the  work, 
as  an  investigation  to  these  ends,  was  never  undertaken  with 
reference  to  publication. 

L — ^Let  us  now  consider,  seriatim,  the  errors  of  the  elements 
of  the  perturbed  planet— errors  which  the  very  hypothesis  of  a 
disturbing  body  introduces,  and  which  must  have  entered  into 
the  tables  of  the  inferior  planet,  as  constructed  independently 
of  unknown  exterior  perturbation :  we  consider  what  the  effect 
of  these  errors  may  be,  and  how  far  it  may  be  eliminated  or 
sabtracted  from  the  residuals  of  the  actual  theory  of  the  planet. 
These  residuals  are,  of  course,  first  corrected  for  any  known 
error  of  theory  or  tables,  or  erroneous  masses  of  known  perturb- 
ioe  planets. 

(1)  The  error  of  mean  distance  of  the  perturbed  planet, — Any 
error  of  radius  vector  enters  very  largely  into  the  residuals  of 
heliocentric  longitude,  if  the  observations  are  made  at  any  con- 
siderable interval  from  the  planet^s  opposition.  If  it  is  sus- 
pected that  the  error  of  radius  vector  will  vitiate  the  residuals 
of  longitude,  we  may  avoid  its  effect  by  passing  to  residuals  of 
geocentric  longitude.  Or,  we  may  confine  our  research  to  the 
mean  residuals  of  observations  near  the  opposition-points,  and 
symmetrically  placed  with  reference  thereto.  The  effect  of 
erroneous  radius  vector  is  thereby  eliminated. 

*  Memoira  Royal  Astronomical  Society,  vol.  xyi,  p.  398. 
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(2)  7%«  error  of  periodic  time  of  the  perturbed  jolaneL — If 
the  residuals  are  examined  graphically,  the  eye  will  readily 
detect  whether  any  correction  to  the  periodic  time  is  advisable: 
If,  in  general,  the  mean  line  of  the  residuals  is  nearly  a  right 
line,  and  makes  a  given  angle  with  the  line  of  zero-residual,  it 
may  fairly  be  concluded  that  the  residuals  need  a  correction 
depending  directly  on  the  time,  the  magnitude  of  the  coeflBcient 
of  which  is  indicated  by  the  divergence  of  the  two  residual- 
lines. 

I  had  considered  the  problem  only  thus  far  when  it  occurred 
to  me  to  apply  the  method,  only  partially  developed,  to  the 
determination  of  an  approximate  position  of  Neptune  from  the 
residuals  of  Bouvard  s  Tables  of  Uranus,  published  in  1821. 
Taking  also  the  residuals  from  observations  up  to  1824,  and 
not  permitting  myself  a  knowledge  of  the  longitude  of  Nep- 
tune at  any  epoch,  a  very  little  labor  gave  me  an  approximate 
position  of  the  disturbing  planet  from  which,  it  now  appears, 
Neptune  might  easily  have  been  found  some  twenty  years  in 
advance  of  its  actual  discovery. 

When  my  work  had  advanced  to  this  stage,  a  mere  chance 
threw  in  my  way  a  copy  of  Sir  John  Herschel's  Outlines  of 
Astronomy,  (which  I  had  never  before  examined) :  I  at  once 
observed  that  my  treatment  of  the  residuals  of  Uranus  with 
reference  to  a  planet  exterior  to  Neptune  was  ^uite  similar  to 
his  **  dynamical "  exposition  of  the  perturbations  of  Uranus 
arising  from  Neptune  itself.  And  I  was  further  gratified  to 
find  that  he  had  given  a  very  full  and  lucid  statement  of  the 
efifect  upon  the  longitude-residuals  caused  by  errors  of  the 
third  and  fourth  elements  of  the  perturbed  planet — the  error  of 
eccentricity,  and  the  error  of  longitude  of  perihelion.  I  there- 
fore adopted,  without  hesitation,  the  continuance  of  the  graph- 
ical method  therein  detailed  ;  and  shall  do  no  more  here  than 
to  refer  to  the  pages  of  Herschers  treatise  where  these  ele- 
ments are  dealt  with. 

(8)  77ie  error  of  eccentricity  of  the  perturbed  planet. — (See  Sir 
John  Herschel's  Outlines  of  Astronomy^  page  536. 

(4)  The  error  of  longitude  of  perihelion  of  die  perturbed  planet— 
(Ibid.,  page  537.) 

When  the  longitude-residuals  have  been  corrected  in  this 
manner,  we  proceed  on  the  assumption  that  any  outstanding 
residuals  are  due  to  unexplained  exterior  perturbation. 

II. — Of  the  seven  elements  of  the  disturbing  planet,  we  must 
assume  a  value  of  one:  the  values  of  three  others,' together 
with  the  mass  of  the  disturbing  planet,  we  may  consider  as 
theoretically  determinable  from  the  longitude-residuals  them* 
selves. 

(1)   The  mean  distance  of  the  disturbing  planet, — Regarding 
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the  next  order  of  distance  beyond  Neptune  as  occupied  by  the 
planet  for  which  we  are  searching,  I  assumed,  as  a  first  value 
of  mean  distance,  a=46'0 :  this  value  seemed  to  be  indicated 
by  a  fair  indoction.  The  periodic  time  of  the. planet  would 
then  be  312  years,  and  conjunctions  with  Uranus  would  occur 
nearly  at  intervals  of  115  years. 

(2)  llie  eccentricity  of  the  disturbing  planet — Even  with  the 
lai^e  residuals  of  Uranus  employed  in  the  investigations  of 
LeVerrier  and  Adams,  the  derived  value  of  the  eccentricity  of 
Neptune  was  entirely  illusory.  The  several  values  of  eccen- 
tricity of  Noptune  resulting  from  their  investigations  are  as 
follow : 

Adams  {flrat  hypothesis) 0-16103 

LeVerrier 0*10761 

Adams  {second  hypothesis) 0*120615 

The  eccentricity  given  by  investigation  of  the  orbit  of  Nep- 
tune from  observations  of  the  planet  was : 

Newcomb  {Tables  of  N^tune) 0-0089903 

We  should,  therefore,  expect  nothing  of  any  attemot  to 
arrive  at  the  eccentricity  of  an  orbit  exterior  to  that  of  Nep- 
tana 

(8)  The  longitude  of  perihelion  of  the  disturbing  planet, — 
Much  the  same  remark  obtains  in  reference  to  this  element 
The  several  values  of  longitude  of  perihelion  of  Neptune, 
resulting  from  the  researches  on  perturbations  of  Uranus,  are  as 
follow  : 

A^diXnA  {first  hypothesis)    316**  57' 

LeVerrier    284°  45' 

Adams  {second  hypothesis) 299**  11' 

The  longitude  of  perihelion  given  by  observations  of  the 
planet  is : 

l^ei9Ciomh  {Tables  of  Neptune) 46*"  6'  39"-7 

Evidently  it  would  not  be  wise  to  include  this  element  in 
the  investigation. 

(4)    The  epoch  of  the   disturbing  planet — If   we  can  obtain 
even  a  rough  approximation  to  the  value  of  this  element,  the 
end  of  the  investigation  is  fully  attained.     An  inspection  of 
the  outstanding  residuals,  graphically   exhibited,   will   show, 
without   further  labor,  the  epochs  of  maximum  disturbance. 
The  best  that  can  be  done  will  be  to  prepare  an  approximate 
perturbative  curve,  the  epochs  of  maximum  disturbance  of 
which  shall  be  in  harmony  with  the  assumption  of  mean  dis- 
tance of  the  exterior  planet.     By  applying  this  to  the  plot  of 
outstanding  residuals,  we  may  decide  at  what  points  the  appli- 
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cation  of  the  perturbative  curve  best  accounts  for  them.  The 
amount  of  excursion  in  the  several  sinuses  of  the  perturbative 
curve  we  need  not  for  this  purpose  attend  to  with  any  great 
care :  this  will  de[5end  upon  the  mass  and  distance  of  the  dis- 
turbing planet ;  and,  that  it  will  be  unavailing  to  attempt  any 
determination  of  the  mass  in  the  present  case  will  be  evident 
from  the  fact  that  the  mass  of  Neptune,  from  the  theoretical 
investigations  of  LeYerrier  and  Adams,  was  widely  discrepant: 

Adams  {first  hypothesis)     0*0001656  -^^ 

LeVerrier  0'0001076  -^^ 

Adams  {second  hypothesis)  0*00015003         rsW 

While  the  most  reliable  mass  of  Neptune  from  observation  is: 

Newcomb  {motion  of  the  saUUite)  0.00005160  rrinr 

We  have  thus  reduced  the  inverse  problem  of  perturbation 
to  a  very  simple,  rational  form.  The  residuals  of  longitude  of 
Uranus  were  next  treated  in  accordance  with  this  method. 

In  his  Investigation  of  the  Orbit  of  Uranus,  Newcomb  presents 
three  series  of  residuals :  the  mass  of  Neptune  finally  adopted 
in  the  tables,  xT^inr?  corresponds  very  nearly  to  the  mean  of 
the  first  and  third  series.  But  the  mass  of  Neptune  which 
was  employed  in  this  investigation  is  that  given  by  Newcomb's 
discussion  of  the  motion  of  the  satellite  of  Neptune,  and  is 
ig^Bj^.  Our  first  step,  then,  was  to  correct  these  mean 
resiauals  into  accordance  with  this  adopted  mass.  The  follow- 
ing table  presents  the  date,  the  mean  residuals,  the  correctioo 
for  mass,  and  the  corrected  mean  residuals. 

Date.  KAj^+AsQ.        MasB-oorrection.  2. 


1691.0 

—  ', 

11" 

+  3* 

-8' 

1716.2  . 

—~ 

8.6 

+  1.9 

-6.6 

1761.1 

+ 

2.8 

-0.7 

+  2.1 

1769.0 

— 

1.6 

+  1.6 

0.0 

1783.3 

— 

0.17 

+  2.68 

+  2.41 

1790.0 

+ 

0.76 

+  2.27 

+  3.03 

1796.0 

— 

0.36 

+  1.73 

+  1.37 

1802.0 

— 

1.06 

+  0-72 

-0.34 

1806.6 

■— 

0.86 

+  0.09 

-0.77 

1810.6 

— 

0.21 

-0.32 

—0.63 

1814.6 

— 

0.32 

-0.64 

-0.96 

1819.6 

— 

0.37 

-0.79 

-1.16 

1824.8 

+ 

1.46 

-0.79 

+  0.66 

1829.7 

+ 

0.86 

-0.76 

+  0.10 

1836.2 

— 

0.37 

-0.77   ^ 

-1.14 

1839.8 

— 

0.33 

-0.82 

-1.16 

1844.8 

— 

0.02 

-0.93 

-0.96 

1849.9 

— 

0.37 

-1.08 

-1.46 

1864.9 

— 

0.26 

-1.20 

-1.46 

1860.0 

— 

0.14 

-1.27 

-1.41 

1866.0 

+ 

0.49 

-1.24 

-0.76 

1870.0 

+ 

0.12 

-1.06 

-0.93 
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e  numbers,  then,  in  the  column  2*,  taken  in  connection 
the  corrected  residuals  given  by  observations  up  to  1877, 
3d  the  basis  of  the  subsequent  investigation.    I  need  only 

here  that,  examining  these  residuals  according  to  the 
od  just  related,  in  reference  to  unexplained  perturbing 
Q,  I  concluded  that  Uranus  was  in  conjunction  with  an 
ior  perturbing  body  between  the  years  1780  and  1795, 
that  another  conjunction  would  take  pl&^  &t  some  time 
e  the  close  of  the  present  century.  The  most  probable 
ion  of  the  exterior  planet  I  therefore  considered  to  be 
t  170°  of  longitude :  the  probable  error  of  the  position  I 
ated  to  be,  roughly,  10°.  This  result  was  reached  on  the 
ing  of  the  10th  of  October,  1877.  During  the  few  days 
^diatel V  following,  T  reviewed  this  examination,  as  much  as 
ble  independently  of  the  previous  result,  and  at  the  same 

varying  the  assumed  mean  distance.  With  a  value  of 
52.0  (which  I  finally  considered  inductively  the  most 
ible)  I  set  down  the  longitude  of  the  exterior  planet  equal 
2©  _^  go .  ^jjjg  Yeanlt  was  reached  on  the  afternoon  of  the 
of  October.  I  now  turned  my  attention  toward  a  similar 
[nent  of  the  residuals  of  Neptune,  with  a  slight  hope  of 
Qg  a  confirmatory  result :  two  suppositions  agreed  in  fixing 
ongitude  at  about  180°  and  200  ,  respectively.  I  there- 
on some  day  in  the  latter  part  of  October,  1877,  wrote 
1  as  the  exposition  of  all  my  enquiry,  the  following 
ts: 

ExTEBiOB  Planbt.— Longitude  (1877*84),  170°  ±10'' 
Mean  distance  from  the  sun,  52*0 
Period  of  revolution  about  the  sun,  376  yrs. 
Mean  daily  motion,  9^*46 
An^lar  diameter,  2'''1 
Stellar  magnitude,  13-f- 
Longitude  of  ascending  node,  103* 
Inchnation  of  orbit  to  ecliptic,  1°  24' 

)  the  determination  of  the  four  latter  results  I  shall  allude 
mtly.  1  may  now  add  that  this  result  for  longitude  of  the 
rior  planet  is  sustained  by  observations  of  ifi'anus  up  to 
including  the  late  opposition.  If  a  new,  disturbing  planet 
y  exists  in  the  longitude  here  indicated,  nearly  a  century 
:  elapse  before  its  existence  can  be  asserted  at  all  positively 
residuals  of  Neptune  alone. 

77ie  Practical  Search. 

should  never  have  been  able  to  execute  the  telescopic 
ch  consequent  upon  the  investigation  just  related,  had  it 
been  for  the  courteous  offices  of  Bear  Admiral  Rodgers, 
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Superintendent  of  the  Naval  Observatory,  afid  Professor  Hall, 
in  charge  of  the  great  refractor.  It  was  with  this  instrument — 
the  26-inch  equatorial — that  the  search  was  conducted,  begin- 
ning on  the  night  of  the  3d  of  November,  1877.  It  seemed  to 
me  that  I  should  begin  the  search  at  a  point  about  20°  preced- 
ing that  indicated  as  the  most  probable  position  of  the  planet, 
and  continue  it  to  a  point  following  by  the  same  distance. 
But  a  careful  search  extending  over  a  zone  of  this  length,  and 
of  sufficient  width  to  be  certain  to  contain  the  supposable 
planet  would  be  a  work  of  such  magnitude  that  I  could  not 
expect  its  completion  under  several  years.  I  therefore  had  re- 
course to  an  inductive  determination  of  the  inclination  and  lon- 
gitude of  node  of  the  planet's  orbit. 

I  computed  anew  the  position  of  the  invariable  plane  of  the 
solar  system.  A  diflferential  comparison  of  its  inclination  with 
the  inclinations  of  the  orbits  of  the  major  planets  gave,  with 
little  uncertainty  so  far  as  the  mere  induction  was  concerned, 
the  inclination  of  the  orbit  of  the  trans-neptunian  planet  equal 
to  1°  24'.  Similarly  I  obtained  for  the  longitude  of  node, 
though  not  so  certainly,  103°.  For  the  preliminary  search,  I  de- 
termined to  fix  the  latitude-limits  of  the  zone  at  a  width  of 
one  decree  to  the  north,  and  one  degree  to  the  south  of  this 
adopted  plane.  To  these  elements  1  strictly  adhered, — with 
the  mtention,  however,  of  alternately  increasing  and  decreasine 
the  inclination,  and  varying  the  longitude  of  node,  if  I  should 
arrive  at  no  successful  result  from  the  search  of  this  limited 
zone. 

I  may  remark  that  the  detailed  plan  of  the  instrumental 
search  had  been  completely  digested  and  written  out  as  early  as 
the  5th  of  September.  To  assist  in  a  decision  as  to  what  method 
of  search  I  should  employ,* I  had  recourse  to  an  inductive 
consideration  of  the  real  diameters  of  the  known  planets  of  the 
solar  system :  I  need  only  mention  here  that  I  arrived  at  the 
result  that  a  diameter  of  50,000  miles  might  be  taken  as  the 
minimum  value  for  a  planet  next  beyond  Neptune.  On  this 
assumption,  the  mean  distance  of  52*0  gave  lor  its  apparent 
diameter  2"'l.  I  did  not,  therefore,  hesitate  in  adopting  the 
method  of  search  depending  upon  the  detection  of  the  planet 
by  contrast  of  its  disk  and  light  with  the  appearance  of  an 
average  star  of  about  the  thirteenth  magnitude.  I  considered 
a  magnifying  power  of  350  diameters  sufficient  for  the  de- 
tection of  a  disk  of  this  diameter :  in  the  actual  search,  a 
power  of  600  was  often  employed,  but  most  of  the  search  was 
conducted  with  a  power  of  400  diameters. 

On  rtiirty  clear,  moonless  nights,  between  the  3d  of  Novem- 
ber, 1877,  and  the  5th  of  March,  1878,  this  search  was  carried 
on  after  the  manner  I  have  indicated. 
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After  the  first  few  nights,  I  was  surprised  at  the  readiness 
with  which  my  eye  detected  any  variation  from  the  average 
appearance  of  a  star  of  a  given  faint  magnitude :  as  a  conse- 
quence whereof  my  observing-book  contains  a  large  stock  of 
memoranda  of  suspected  objects.  My  general  plan  with  these 
was  to  observe  with  a  suflBcient  degree  of  accuracy  all  sus- 
pected objects.  On  the  succeeding  night  of  observation  these 
objects  were  re-observed  :  and,  at  an  interval  of  several  weeks 
thereafter,  the  observation  was  again  verified.  At  8  A.  M.,  the 
6th  of  March,  1878.  the  search  was  discontinued — my  observ- 
ing book  ends  with  the  following  note: 

**  The  adopted  plane  of  orbit  of  trans-neptunian  planet  is  now 
searched  (without  break)  from 

.  V  =  146°-8 
to  v=  186''-1." 

I  have  much  confidence  in  this  telescopic  search — my  aim 
was  to  sweep  the  zone  so  carefully  that  there  should  be  no 
pressing  neea  of  duplicating  it.  If  a  trans-neptunian  planet  of 
an  apparent  diameter  so  great  as  2"  is  ever  discovered,  I  shall 
be  much  surprised  if  it  is  found  that  it  must  have  eluded  my 
search. 

Very  soon  after  the  termination  of  this  search,  I  received 
ihe  new  tables  of  Uranus,  by  the  late  LeVerrier.*  I  at  once  in- 
stituted a  treatment  of  the  residuals  of  these  tables  after  the 
method  employed  with  those  of  Newcomb,  I  merely  mention 
here  that  I  reached  a  result  entirely  confirmatory  to  that  pre- 
viously obtained.  The  residuals  were  first  reduced  to  New- 
comb's  mass  of  Neptune. 

I  ought  not  to  conclude  this  paper  without  adverting  to  the 
apparently  long  delay  of  its  publication.  From  the  very  be- 
ginning, i  had  approached  the  entire  problem  of  search  for  a 
trans-neptunian  planet  with  resolute  direction  toward  the  end 
which  I  regarded  of  the  highest  scientific  import — that  oifind- 
{•fig  ihe  possible  planet  at  the  earliest  moment:  if  I  were  successful, 
ol»ervations  of  its  position  would  then  be  secured  at  once,  and 
an  accurate  determination  of  its  elements  would  be  a  matter  of 
earlier  realization — it  seeming  improbable  that  any  prior  chance- 
observation  would  ever  be  brought  to  light  Alter  pursuing 
the  theoretic  side  of  the  question  for  a  short  time,  I  saw 
clearly  that  many  years  must  elapse  before  the  perturbing 
action  of  this  body  on  any  interior  planet  would  afford  anything 
like  pronounced  evidence  of  its  existence :  recourse  must  be 
had  to  the  practical,  telescopic  search.  So  I  tarried  longer 
7?ith  the  residuals  of  Uranus  only  in  the  hope  of  a  possible 
shortening    of     the     search    by    some    indication    that    the 

*  Aimales  de  I'Observatoire  de  Paris,  M^moires,  vol.  xiv. 
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planet  was  more  probably  in  one  portion  of  the  heavens  than 
in  another.  After  the  telescopic  search  which  I  was  condact- 
ing  had  been  temporarily  brought  to  an  end,  by  circumstances 
beyond  my  control,  I  was  not  without  hope  oi  eflfecting  some 
arrangement  whereby  I  might  resume  the  search  at  an  early 
day,  and  carry  it  to  a  satisfying  conclusion.  After  mucn 
thought  upon  the  apathetic  reception  with  which  the  ma^ifi- 
cent  researches  of  Adams  and  LeVerrier  had  met,  I  reachea  the 
conclusion  that  no  competent  observer  would  be  led  to  continae 
the  search  through  knowledge  of  the  little  work  of  speculation 
that  I  had  done.  And,  as  the  work  was  undertaken  with  the 
end  always  in  view  of  finding  the  planet,  I  saw  no  good  to 
come  from  its  publication. 

It  will  be  remarked  that  this  matter  now  assumes  a  very  dif- 
ferent aspect :  the  publication  of  a  rec'ent  memoir  On  Comets  and 
Ultra' Neptunian  Planets^  by  Professor  George  Forbes,  of  Glas- 
gow, assigns,  by  a  method  of  investigation  entirely  independent 
of  my  own,  a  position  to  a  possible  trans-neptunian  planet  which 
may  be  regarded  as  in  exact  coincidence  with  that  which  I  have 
deduced.  The  assumption  of  a  mean  distance  100,  indicated  in 
Professor  Forbes*  paper,  will  not  appreciably  destroy  the  repre- 
sentation of  the  residuals  with  which  I  have  dealt  I  have  not 
yet  been  able  to  convince  myself  that  the  remarkable  harmony 
of  the  results  of  the  two  investigations  is  simply  a  chance  agree- 
ment ;  and,  with  the.  hope  that  the  accumulated  evidence  of  the 
existence  of  a  far  exterior  planet  may  not  fail  to  incite  some  ob- 
server in  possession  of  sufficiently  powerfu>  telescopic  means  to  a 
vigorous  prosecution  of  the  search,  I  have  prepared  this  pre- 
liminary paper  in  order  that  attention  may  be  called  to  the 
matter  m  sufficient  advance  of  the  now  approaching  opposition* 
tima  I  may  add  here  that,  should  a  careful  and  protracted 
search  of  the  r^on  adjacent  to  the  indicated  longitude  prove 
unavailing,  no  more  certain  test  of  the  existence  of  a  trans- 
neptunian  planet  admits  of  application  within  the  next  few 
years  than  that  of  telescopic  search  of  a  limited  zone  extendiDg 
entirely  around  the  heavens — a  search  which  I  have  been  hop- 
ing, for  more  than  two  years  past,  for  an  opportunity  to  under- 
take, but  which  I  see  no  present  prospect  of  realizing. 

Nautkad  Alnunac  Office.  Washington.  August  -I.  1880. 
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'.  XXVUL — Notice  of  Jurassic  Mammals  representing  two 

New  Orders ;  by  O.  C.  Mabsh. 

r  addition  to  the  Mammals  from  the  Jurassic  deposits  of 
Rocky  Mountains,  already  described  by  the  writer,*  a  num- 
of  other  specimens  have  since  been  discovered.  Some  of 
e  add  materially  to  our  knowledge  of  those  previously 
id,  and  others  are  different  from  any  now  known, 
his  new  material  is  all  from  the  Atlantosaurus  beds,  in 
ntially  the  same  horizon  which  furnished  the  earlier  speci- 
s.  The  general  resemblance  of  the  American  forms  to 
e  from  the  Purbeck  of  England  becomes  still  more  evident 
le  remains  here  described. 

Diplocynodon  victor^  gen.  et  sp.  nov. 

ne  of  the  largest  mammals  yet  discovered  in  the  Jurassic 

I  of  this  country  or  of  Europe  is  represented  by  various 

ains   of  several  individuals,  found  in   the  same  locality. 

:  most  characteristic  of  these  specimens  is  a  right  lower 

,  with  most  of  the  teeth  in  position,  and  well  preserved. 

'he  general  characters  of  tnis  jaw  are  well  shown  in  the 

re  below. 

1. 


» 


t  lower  jaw  of  Diploqfnodon  vidor,  Marsh.    Outside  view;  twice  natural  size, 
incisor;    5,  condyle;  c,  coronoid  process:  d,  angle. 

'his  jaw  is  quite  distinct  from  anything  hitherto  described, 
exhibits  several  characters  of  special  interest  There  were 
east  three  incisors,  directed  well  forward.  The  canine  is 
y  large,  and  is  inserted  by  two  fangs.  This  important  fact 
suggested  the  name  of  the  genus.  The  molar  series  con- 
3  of  no  less  than  twelve  teeth,  all  essentially  the  same  in 
n,  and  each  inserted  by  two  fangs.  There  are  apparently 
premolara  The  second  of  these  is  smaller  than  tne  first, 
1  the  others  gradually  increase  in  size.  The  last  true  molar 
fi  smaller  than  the  others.     The  crowns  of  these  teeth  are 

»Tbi8  Journal,  voL  xv,  p.  469,  1878;  vol.  xviii,  pp.  60,  216  and  396.     1879. 
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composed  of  a  main  external  cone,  with  a  small  elevated  lobe 
in  front,  and  a  lower  one  behind.  This  is  repeated  on  a  re- 
duced scale  on  the  inner  side,  except  that  the  posterior  small 
cusp  is  rudimentary  or  wanting.  The  an tero- posterior  faces  of 
the  crown  are  deeply  excavated,  and  grooved.  There  is  no 
cingulum. 

The  jaw  is  elongate,  and  gently  curved  below.  The  coro- 
noid  process  is  large  and  elevated.  The  condyle  is  placed  very 
low,  nearly  on  a  line  with  the  teeth.  The  angle  of  the  jaw 
is  produced  into  a  distinct  process,  the  lower  margin  of  which 
bends  outward,  although  the  process  as  a  whole  has  a  slight 
inward  direction,  which  may  be  due  to  pressura 

A  second  specimen,  apparently  of  the  present  species,  is  a 
left  upper  jaw,  with  the  canine  and  eight  succeeding  teeth  in 
excellent  preservation.  The  canine  is  very  large,  and  has  two 
distinct  fangs.  The  molar  teeth  have  one  main  external  cone, 
and  two  lateral  cusps,  which  rise  from  a  strong  basal  ridge.  '■ 
On  the  inner  side,  there  is  one  main  cone,  with  a  small  posterior 
heel.  The  outer  face  and  the  sides  of  the  upper  molars  are  ■ 
deeply  sculptured  with  irregular  grooves.  \ 

Stylacodoii  validuSy  sp.  nov.  \ 

Since  the  discovery  of  the  type  of  this  genus,*  two  other    ■ 
allied  specimens  have  been  brought  to  light,  one  of  which,  alao 
a  lower  jaw,  proves  to  be  new.     This  indicates  a  species  much    j 
larger  than  the  one  first  described,  but  apparently  belonging  to    '•. 
the  same  genus.      The  molar  teeth  in  this  jaw  are  inserted 
by  a  single  fang.     The  antericJr  premolars  preserved  have  each 
two  fangs.     All  the  molar  series  in  place  have  elevated  conical 
crowns,   raised  some  distance  above  the  outer  margin  of  tbe 
jaw.     They  have  one  main  external  cone  and  three  inner  cusps, 
thus  agreeing  in  general  form   with  the  molars  of  Dryolestes, 
The  mylohyoid  groove  is  distinct,  and  continues  forward  nearly 
to  the  symphysis. 

Some  of  the  dimensions  of  this  specimen  are  as  follows: 

Space  occupied  by  eight  anterior  molar  teeth, lO'O™'" 

Depth  of  jaw  below  first  lower  premolar, 3*0 

Depth  of  jaw  below  fourth  premolar, 8*6 

Height  of  crown  of  fourth  premolar, 2*0 

Tinodofi/erox,  sp.  nov. 

An  interesting  specimen  of  the  genus  Tinodon^  about  twice 
as  large  as  the  type,  is  a  right  lower  jaw,  with  most  of  the  teeth 
in  position.  There  are  three  premolars  of  the  usual  form,  and 
apparently  four  molars.  The  premolars  have  one  main  cone, 
pointed  and  compressed,  with  a  low  faint  cusp  in  front,  and  % 
high  larger  one  behind.     The  last  premolar  is  very  large.    The 

♦This  JouTDal,  xviii,  p.  60,  July,  1879. 
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naltimate  molar  has  four  distinct  cones  instead  of  three, 
he  canine  was  large,  and  directed  well  forward.  The  coronoid 
process  is  large,  and  inclined  backward.  The  mylohyoid 
groove  is  nearly  parallel  with  the  lower  margin  of  the  jaw,  and 
extends  forward  to  the  symphysis.  The  latter  is  large,  and 
elongate. 

The  main  measurements  of  this  specimen  are  as  follows : 

Extent  of  lower  molar  series, 14'6"™" 

Space  occupied  by  premolars, 7.0 

Depth  of  jaw  below  canine, 3.0 

Depth  of  jaw  below  last  premolar, 3*6 

Depth  of  jaw  below  last  molar, 4*0 

Antero-posterior  diameter  of  penultimate  molar,.  3*0 

Height  of  crown, 2*6 

THconodon  hisulcuSy  sp.  nov. 

Two  or  three  fossil  jaws  in  the  Yale  Museum  agree  so 
closely  with  the  Triconodon^  of  Owen,  from  the  Purbeck  of 
England,  that  they  may  be  provisionally  placed  in  that  genus. 
One  of  these  specimens  is  a  right  lower  jaw,  with,  several 
teeth  in  good  preservation.  The  molar  teeth  differ  from  those 
of  the  typical  TViconodon  in  having  the  middle  cone  larger 
than  the  other  two.  The  penultimate  molar  is  the  largest  of 
the  series.  The  angle  of  the  jaw  is  not  inflected,  but  the 
outer  margin  of  the  angle  is  developed  into  a  rounded  ridge. 
On  the  inner  side,  there  is  a  strong  sharp  ridge  running  from 
the  inlet  of  the  dental  canal  backward  to  the  condyle.  The 
mylohyoid  groove  is  well  marked,  and  there  is  a  second  deep 
downward-curved  groove  beneath  it 

The  size  of  this  specimen  is  indicated  by  the  following 
measurements : 

Space  occupied  by  three  last  molars, 8*0' 

Antero-posterior  extent  of  last  molar, 2*0 

Depth  of  jaw  below  last  molar,  . .  _ 4*0 

Antero-posterior  extent  of  penultimate  molar, 2*6 

Height  of  orown, 2*0 

Depth  of  jaw  below  last  premolar, 3*0 

Dryolestes  obtusus,  sp.  nov. 

Additional  specimens  of  Dryolestes  show  that  this  genus 
possessed  a  peculiar  dentition.  There  were  no  less  than 
twelve  teeth  in  the  lower  jaw  behind  the  canine,  and  at  least 
eleven  in  same  series  above.  The  upper  molars  had  three 
external  cones  and  one  inner  cusp,  and  this  order  was  reversed 
in  the  lower  molare.  There  was  no  cingulum  above  or  below. 
The  canines  were  small. 

The  specimen  on  which  the  present  species  is  based  is  a  left 
upper  jaw,  with  the  molar  series  nearly  complete.     The  crowns 
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of  the  true  molars  differ  from  those  io  typical  specimens  < 
Dryolestea  id  having  the  cusps  blunted,  making  the  crowns  m 
usually  short  Another  important  difference  is  that  the  toot 
which  may  be  regarded  aa  the  last  premolar  is  so  much  large 
than  the  rest  of  the  aeries  that  it  projects  far  beyond  then 
The  line  of  the  true  molars  is  much  curved  outward. 

Some  of  the  dimensions  of  this  upper  jaw  are  aa  follows; 

Space  occupied  by  eleven  posterior  teeth, la-o""" 

Extent  of  seven  posterior  teeth, 8'0 

Projection  of  last  upper  premolar  from  jaw, 2-0 

Ctenacodon  serratut,  Marsh. 
Additional  remains  of  this  interesting  form  have  made  clear 
some  points  in  the  structure  of  the  lower  jaw  which  the  type 
specimen  did  not  show.*  The  left  lower  jaw,  representea  m 
figure  2,  agrees  so  closely  with  that  specimen  in  size  and  gen- 
eral features,  that  it  must  be  referred  to  the  same  apeciea.  The 
symphysial  portion  is  very  short,  and  nearly  round.  The  inlet 
of  the  dental  canal  is  quite  large,  and  enters  the  jaw  beneath  i 
fold  that  carves  downward,  and  passes  into  the  inflected  lower 
mar^n  of  the  angle.  The  latter  is  distinct  from  the  condjle, 
not  identical  with  it  as  in  Plagiaulax.  The  coronoid  process  is 
of  moderate  size,  and  directed  well  backward. 


Lefl  lower  jaw  of  Clenacodon  ttrratut,  Uarah.      Inner  view,  four  timea . 


Mesozoic  Mammals  have  been  very  generally  referred  hith- 
erto to  the  Marsupialia.  An  examination  of  all  the  known 
remains  of  American  Mesozoic  Mammalia,  now  representing  up- 
wards of  sixty  distinct  individuals,  has  convinced  the  writer 
that  they  cannot  be  satisfactorily  placed  in  any  of  the  presenl 
orders.  I'his  appears  to  be  equally  true  of  the  European  fonu 
which  the  writer  has  had  the  opportunity  of  ezaminiiig. 
With  a  few  possible  exceptions,  the  Meso?oic  mammals  bert 

Preserved  are  manifestly  low  generalized  forms,   withont  lo/j 
istinctive  Marsupial  characters.     Not  a  few  of  them  aborj 
•  This  Jonnal,  toL  n&^SM,  Bur.,  1B19.  j 
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features  that  point  more  directly  to  Insectivores,  and  present 
evidence,  based  on  specimens  alone,  would  transfer  them  to  the 
latter  group,  if  they  are  to  be  retained  in  any  modern  order. 
This,  however,  has  not  yet  been  systematically  attempted,  and 
the  known  facts  are  against  it 

In  view  of  this  uncertainty,  it  seems  more  in  accordance  with 
the  present  state  of  science,  to  recognize  the  importance  of  the 
generalized  characters  of  these  early  mammals  as  at  least  of 
ordinal  value,  rather  than  attempt  to  measure  them  by  special- 
ized features  of  modern  types,  with  which  they  have  little  real 
affinity.  With  the  exception  of  a  very  few  aberrant  forms,  the 
known  Mesozoic  mammals  may  be  placed  in  a  single  order, 
which  may  appropriately  be  named  Paniotheria.  Some  of  the 
more  important  cnaracters  of  this  group  would  be  as  follows : 

(1.)  Cerebral  hemispheres  smooth. 

(2.)  Teeth  exceeding,  or  equalling,  the  normal  number,  44. 

(8.)  Premolars  and  molars  imperfectly  differentiated. 

(4.)  Canine  teeth  with  bifid  or  grooved  fangs. 

(5.)  Bami  of  lower  jaw  unankylosed  at  symphysis. 

(6.)  Mylohyoid  groove  distinct  on  inside  of  lower  jaws. 

(7.)  Angle  of  lower  jaw  without  distinct  inflection. 

(8.)  Condyle  of  lower  jaw  near  or  below  horizon  of  teeth. 

(9.)  Condyle  vertical  or  round,  not  transversa 

The  generalized  members  of  this  order  were  doubtless  the 
forms  from  which  the  modern  specialized  Insectivores  and 
Marsupials,  at  least,  were  derived. 

Another  order  of  Mesozoic  mammals  is  evidently  represented 
by  Plagiaulaxj  the  allied  genus  Ctenacodon,  and  possibly  one 
or  two  other  genera.  These  are  all  highly  specialized  aberrant 
forms,  which  apparently  have  left  no  descendants.  This  order, 
which  may  be  termed  the  Allotheria^  can  be  distinguished  from 
the  previous  group  by  the  following  characters : 

(1)  Teeth  much  below  the  normal  number. 

(2)  Canine  teeth  wanting. 

(8)  Premolar  and  molar  teeth  specialized. 

(4)  Angle  of  lower  jaw  distinctly  inflected. 

(5)  Mylohyoid  groove  wanting. 

These  characters  alone  do  not  indeed  separate  the  Plagiau- 
heidrn  from  some  of   the   Marsupials,  and  future  discoveries 
ly  prove  them  to  belong  in  that  group,  where  they  would 
D  xepresent  a  well  marked  sub-order. 

^'Wlm^  H«w  HaveD,  August  7th,  1880. 
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SCIENTIFIC    INTELLIGENCE. 

L  Physics. 

L   Terrestrial   Magnetism, — Professor   Balfour    Stkwart,  in 
a  letter  to  Nature,  July  1,  1880,  diRcusses  the  connection  between 
auroras  and  magnetic  storms.     Since  we  have  changes  produced 
in  stationary  strata  by  a  moving  magnet,  cannot  the  reverse  be 
true  ?     May  we  not  have  discharges  produced  in  moving  strata  by 
a  stationary  magnet  ?    The  sun  m  this  case  w^ould  by  convection 
currents  produce  changes  in  the  atmospheric  strata  and  the  earth 
as  a  permanent  magnet  would  cause  electric  disturbances,  which 
in  turn  would  react  upon  terrestrial  magnetism.     Working  on  this 
hypothesis  Balfour  Stewart  has  been  lea  to  the  fact  "  that  certain 
magnetic  diurnal  changes  lag  behind  corresponding  solar  changett, 
just  as  meteorological  changes  would  do,"  and  he  also  states  that 
his  observations  up  to  the  present  appear  to  show  that  an  increase 
or  decrease  of  solar  activity  corresponds  to  an  increase  or  decrease 
of  both  magnetic  and  meteorological  activity.     The  probabiHty 
of  a  progress  of  magnetic  phenomena  from  west  to  east,  corre- 
spondmg  in  character  to  a  progress  of  meteorological  phenomena 
is  alluded  to.     Magnetic  weather  appears  to  travel  faster,  how- 
ever, than  meteorological  weather.  j.  t. 

2.  On  the  Reversal  of  Photographic  Impressions.— M.  J.  Janssbn 
has  discovered  that  photographic  images  can  be  made  to  pass 
from  negative  to  positive  by  the  prolonged  action  of  the  same 
light  which  produced  them  originally.     At  Meudon  solar  photo- 

raphs  are  obtained  with  an  exposure  of  about  j-^jf  ^^  ^  second. 

Tiese  photographs  show  the  granulations  of  the  photosphere. 
With  gelatine  bromide  of  silver  plates  the  time  of  exposure  is  in 
the  neighborhood  of  2(ih(tJf  ^^  ^  second.  If,  however,  one  of 
these  dry  plates  receives  an  impression  of  light  during  a  half  a 
second  or  one  second — that  is  to  sav,  during  a  time  ten  to  twenty 
thousand  times  longer  than  that  which  gave  the  first  impression, 
the  developer  reveals  a  positive  image  giving  the  disc  of  the  son 
in  white  and  the  spots  in  black.  This  positive  image  can  be  ob- 
tained as  distinct  as  the  negative  image  which  it  replaces,  A 
certain  intermediate  length  of  exposure  gives  an  image  interme- 
diate between  a  negative  and  positive  image,  and  the  plate  pre- 
sents a  sensibly  uniform  tint.  If  one  allows  the  light  to  act  for 
some  time  after  the  positive  image  is  produced,  this  last  imaffe 
disappears  in  its  turn  and  the  developer  causes  no  metallic  de- 
posit to  be  formed  upon  the  image,  which  appears  nniforraly 
transparent  upon  the  black  background  of  the  sky.  This  dait 
background  disappears  under  the  prolonged  action  of  the  liffht 
A  complete  discussion  of  the  results  obtained  is  promisei— 
Comptes  Rendus^  No.  26,  p.  1447,  June  21,  1880.  j.  t. 

3.  Eiectro-ma;it)€tic  Rotation  of  the  Plane  of  Polarization  df 
Light  in  Gases, — H.  A.  Kindt  and  II.  W.  C.  Koxtokn  oontiniir 
their  research  upon  this  subject,  using  a  Gramme  machine  instetH 
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battery.  They  remark  that  the  cnrrent  from  the  latter  was 
iently  constant.  In  order  to  show,  however,  the  fluctuations 
rrent  caused  by  irregularity  in  the  contact  of  the  brushes  of 
aachine,  and  want  of  constancy  in  the  speed  of  rotation,  they 
»sed  a  tube  filled  with  bisulphide  of  carbon  in  a  coil ;  polar- 
light  was  sent  through  this  tube  and  the  light  was  after- 
[  viewed  by  means  of  a  spectroscope.  The  apparatus  was 
ranged  that  a  dark  band  appeared  in  the  midst  of  the  spec- 
.  This  band  or  stripe  moved  to  and  fro  with  the  fluctuations 
e  current.  The  authors  state  that  this  method  is  very  suita- 
o  convince  one  of  the  fact  of  variations  in  the  current  which 
aertia  of  the  galvanometer  needle  masks.  The  telephone  has 
used  in  America  for  the  same  purpose.  It  appears  from  their 
ts  that  hydrogen,  nitrogen  and  atmospheric  air  show  nearly 
ame  change  ot  polarization.  They  do  not  find  a  simple  rela- 
between  the  rotation  of  the  plane  of  polarization  and  the  in- 
.  of  refraction  of  the  gases  which  were  submitted  to  examina- 

The  expression  — ^7—5 — -r  =  a  constant,  in  which  d  is  the 
'^  n(n— 1) 

ion,  and  n  the  index  of  refraction,  an  expression  given  by 

uerel  (Ann.  de  Chira.  et  de  Phys.,  (5)  12,  1877),  they  do  not 

to  be  correct,  although  they  believe  that  the  index  of  refrac- 

has  great  influence  upon  the  result ;  of  no  less  importance, 

jver,  is  the  diamagnetic  induction  constant.  The  authors  find 

their  later  results  with  hydrogen  and  carbonic  oxide  agree 

their  earlier  ones,  but  they  do  not  find  this  agreement  in  the 

of  oxygen  and  atmospheric  air. —  Wied.  Annalen  der  Physik 

Chemie,  No.  6,  p.  257,  1880.  j.  t. 

11.   Geology  and  Natural  History. 

Geological  relations  and  fossil  remains  of  the  Silurian  Iron 
ofj^ictouy  Nova  Scotia. — Dr.  J.  W.  Dawson,  in  the  Canadian 
iralist  (vol,  ix,  No.  6),  gives  an  account  of  these  ore  beds  with 
of  fossils,  and  reaches  the  conclusion  that  the  beds  probably 
lot  reach  as  far  up  as  the  Oriskany  group  (his  former  pub- 
d  view),  but  correspond  in  age  with  the  upper  beds  at  Avi- 

which  are  Upper  Silurian.  "These  deposits  of  iron  ore 
.rently  began  locally  in  an  early  part  of  the  Upper  Silurian 
)d,  and  were  continued  into  the  Lower  Helderberg  period, 
e  in  the  western  part  of  Nova  Scotia,  in  the  Nictaux  district, 
lave  evidence  of  their  continuation  into  the  Oriskany  age." 
•e  is  no  representative  of  the  Niagara  limestone  in  the  region, 
neral  fact  in  Nova  Scotia,  and  along  the  Atlantic  margin  of 
:h  America,  though  present  farther  west  in  Northern  New 
iswick,  and  in  Gaspe. 

DeCandolle*s  Phytography^  (Notice  continued  from  the 
eding  (August)  number.) — We  proceed  with  our  remarks  upon 

interesting  volume,  taking  up  certain  points  as  they  strike 

ition  in  turning  the  pages,  but  passing  over  many  others  of 

il  or  superior  importance. 

.  JoxTB.  8ci.— Thibd  Sbribs,  Vol.  XX,  No.  117.— Sbpt.,  1880, 

16 


242  Scientific  Intelligence, 

There  is  a  short  chapter  upon  enigmatical  descriptions  or  botan- 
ical riddles,  and  how  they  come  about.  The  author  has  taken 
the  pains  to  collect  and  tabulate  the  *' species  dubiaB"  of  the  last 
four  volumes  of  the  Prodromus,  to  see  who  is  accountable  for  them, 
taking  into  account  only  botanical  authors  no  longer  living, 
and  excluding  those  who  have  contributed  no  more  than  three. 
So  good  a  botanist  as  Blume  heads  the  list,  one  so  indifferent  as 
Siebold  is  accountable  for  the  fewest ;  so  not  much  comes  from 
such  a  tabulation.  The  practical  point  is  that  Blume,  as  well  as 
Miquel  and  Kunth,  who  stand  high  on  the  list,  have  fallen  much 
into  the  habit  of  founding  species  on  fragmentary  or  quite  insuffi- 
cient herbarium  specimens  ;  instead  of  passing  them  over  without 
mention,  or  at  least  without  naming  them.  One  is  apt  to  suppose 
that  a  description  of  an  incomplete  specimen,  say  without  now- 
ers,  may  be  readily  eked  out  later  by  another  hand  supplied  with 
the  missing  parts.  This,  as  DeCandolle  says,  is  a  mistake.  The 
succeeding  botanist  is  hindered  more  than  he  is  helped  by  such 
work.  And  it  is  the  same  with  species  founded  on  figures,  such, 
for  instance,  as  those  of  Mo9ino  and  Sesse,  upon  which  the  elder 
DeCandolle  established  species  and  some  genera  in  the  earlier  vol- 
umes of  the  Prodromus.  As  to  "  genera  dubia  vel  non  satis  nota^  \ 
very  few  can  be  laid  at  the  door  of  first  class  botanists.  In  the  \ 
list  of  names  of  deceased  botanists  which  are  notable  for  their 
absence,  the  name  of  Torrey  is  inserted  between  that  of  the  elder 
DeCandolle  and  that  of  the  elder  Hooker. 

In  the  chapter  on  the  description  of  groups  superior  to  specif 
the  author  enumerates  and  sketches  the  character  of  trie  six 
Genera  Plantarum  which  have  appeared  within  the  180  years  of 
modern  botany ;  the  immortal  works  of  Tournefort  {InstitxUiomt^ 
1700),  LinnsBus  (the  first  edition  of  whose  Genera  was  published 
in  1737),  A.  L.  Jussieu  (1789),  Endlicher  (1836-1840),  Meisner 
(1836-43,  which  is  much  less  known),  and  finally  of  Benthamand 
Hooker,  which  began  in  1862,  and  is  now  three-quarters  finished. 
Tournefort  fixed  the  rank  and  character  of  genera,  Linnaeus 
tersely  and  clearly  defined  them,  Jussieu  arranged  them  under 
natural  orders,  denning  these ;  Endlicher  and  Lindley  developed 
the  hierachy  of  groups  superior  to  orders,  also  the  tribes  inferior 
to  them,  and  the  latter  is  deservedly  praised  for  his  sagacity  in 
discerning  affinities,  the  former  for  the  perfection  of  his  style; 
and  to  Benthara  and  Hooker  is  justly  awarded  the  crowning 
merit  of  having,  far  beyond  their  predecessors  in  this  century, 
verified  or  developed  the  characters  of  the  genera  by  a  wide  and 
direct  study  of  the  herbarium  materials. 

Floras,  or  descriptions  of  natural  groups,  not  in  their  entirety 
but  so  far  only  as  represented  in  a  particular  country  or  region, 
are  discussed  m  Chapter  X.  In  floras,  as  in  more  general  works, 
abridged  descriptions  or  diagnoses  suffice,  indeed  are  preferable  in 
all  cases  where  the  region  has  been  pretty  well  explored,  and  \ 
where  the  materials  can  be  thoroughly  elaborated.  Formerly  all 
considerable  floras  were  written  in  Latin,  at  least  the  characters. 


i 

i 


Oeology  and  Natural  History,  243 

So  they  would  continue  to  be  if  the  convenience  of  botanists 
and  the  advancement  of  science  only  were  to  be  considered. 
Bat  floras  are  used  by  many  to  whom  even  Linna?an  Latin  would 
be  a  stumbling  block.  "Fortunately  the  difference  between  good 
botanical  English  and  botanical  Latin  is  not  wide,  and  will  not 
seriously  trouble  a  French  or  German  botanist.  The  converse 
hardly  holds.  The  greatest  flora  written  in  Fnglish,  w^  might 
say  the  best  great  flora  in  any  language  which  has  ever  been  pro- 
duced and  completed,  is  Bentham's  ^lora  Australiensis,  in  seven 
octavo  volumes.  Touching  upon  works  of  special  illustration, 
the  Botanical  Magazine  is  justly  singled  out  for  praise,  for  sus- 
tained botanical  correctness  under  difficulties,  and  for  its  great 
influence  upon  the  science. 

DeCandoUe  insists  much  on  the  importance  of  describing  and 
well  classifying  the  varieties  of  a  species,  and  of  distinguishing 
them  as  much  as  possible  into  grades,  such  as  subspecies  or  races, 
varieties,  sub  varieties,  &c.  We  suggest  that  this  can  be  done 
with  great  advantage  only  when  the  forms  are  comparatively  defi- 
nite, or  have  been  described  as  species.  We  think  that  only  the 
more  salient  and  definite  varieties  should  be  distinguished  by 
names ;  otherwise  the  names  and  the  groups  will  be  limitless. 

In  the  eleventh  chapter,  on  partial  descriptions  of  groups  from 
the  point  of  view  of  organography  (a  term  which  our  author 
prefers  to  morphology),  of  physiology,  botanical  geography,  &c., 
our  author  has  some  pertinent  remarks  upon  the  helps  which  all 
such  studies  are  offering  to  phytography,  which  will  gradually 
extend  its  domain  over  them ;  and  upon  the  obvious  advantage 
and  great  need  of  having  results  of  histological  researches  ex- 
pressed descriptively,  under  something  like  a  common  terminol- 
ogy, and  with  due  regard  to  rules  which  have  governed  the  more 
matured  branches  of  botany, — rules  and  practices  which  eliminate 
a  deal  of  verbiage,  facilitate  comparison  of  views,  and  ensure 
mutual  intelligibility.  Of  botanical  descriptions  for  the  pur- 
poses of  systematic  botany,  it  could  be  said  that  whatever  is  not 
clear  is  not  botany.  May  such  clearness  be  hoped  for  in  the 
future  of  histological  botany  ? 

Chapter  XII   treats  of  the  unavoidable   mixture  of   artificial 
with  natural  grouping.     Truly  natural  groups  are  often  artificially 
defined,  that  is,  are  indicated  by  single  characters  ;  or  truly  arti- 
ficial characters  are  used  for  the  sake  of  convenience  in  the  divis- 
ion of  natural  groups.     Of  the  latter  sort  are  the  divisions  Poll/- 
petalcBy   Gamopetalce,  and  Apetalce  in  Dicotyledons ;  also  those 
founded  on  the  mode  of  curvature  of  the  embryo  in  Cruci/ercBy 
hitroduced  by  Brown,  who  cautiously  used  them  for  genera,  but 
Taised  to  the  rank  of  primary  or  subordinal  characters  by  DeCan- 
doUe.   Hypogyny,  perigyny  and  epigyny  are  in  the  same  category, 
and  probably  no  one  was  more  sensible  of  it  than  Jussieu  himself, 
whose  point  and  forte  was  the  constitution  of  orders,  not  their  col- 
location under  these  artificial  heads.     DeCandolle  suggests  that, 
while  to  the  more  natural  divisions  are  appropriated  the  terms  of 
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Class,  Cohort,  Orders,  Tribes,  Genera,  and  Sections ;  such  names 
as  Division,  Subdivision,  Series,  &c.,  might  be  restricted  to  artifi- 
cial divisions,  and  that  these  should  take  adjective  names  not  of 
generic  origin,  such  as  Ligyliflorce^  PofypetcUcB,  and  the  like. 

Chapter  XIII  relates  to  difficulties  in  phytography  which 
have  grown  out  of  various  methods  or  absence  of  method  in  the 
nomenclature  of  organs,  and  from  the  want  of  consideration  of 
the  law  of  priority  in  such  matters.  The  result  of  which  in  some 
departments,  such  as  histological  morphology,  is  a  state  of  anarchy 
not  unlike  that  which  prevailed  in  the  names  of  groups  before  the 
days  of  Toumefort  and  Linnaeus.  We  may  hope  that  order  and 
lucidity  will  some  day  dawn  upon  this  chaos  and  a  common 
language  replace  this  confusion  of  tongues.  Meanwhile  DeCan- 
dolle  offers  certain  counsels,  the  utility  of  which,  he  says,  is  not 
doubtful  nor  the  application  very  difficult. 

(1)  Hold  fast  to  common  and  universally  known  naqaes,  whether 
in  Latin  or  in  modern  languages.  Radix^  catdtSy  fbliutn^  Jht^ 
&c.,  with  their  vernacular  equivalents,  are  not  to  give  place  to 
new-fangled  substitutes.  This,  he  thinks,  will  rid  us  of  "such 
useless  terms  as  caulome,  phyllome^  &c."  Now  these  terms,  along 
with  trichomey  seem  to  us  legitimate  and  useful,  as  succinct  ex- 
pressions of  a  morphological  idea ;  they  are  annoying  only  when 
pedantically  ridden  as  hobbies  over  ground  on  which  they  are 
not  wanted. 

(2^  Do  not  entertain  the  idea  that  a  change  in  the  mode  of 
considering  or  defining   an   organ   requires  a  change  of  name. 
Although  Linnffius  did  take  the  leaf-blade  for  the  leaf,  and  define 
it  accordingly,  that  did  not  much  hinder  the  coming  in  of  a  truer 
view,  involving  merely  a  change  of  the  definition.     But  one  may 
intimate  that  DeCandolle  here  comes  into  conflict  with  another 
rule  he  insists  on,  namely,  that  terms  should  have  unmistakably 
one  meaning.     When  we  say — as  we  ever  shall — that  leaves  are 
ovate,  we  speak  according  to  the  Linnsean  definition ;  when  we 
say  that  their  insertion  is  alternate,  we  use  the  word  in  a  more 
comprehensive  sense;   when  we  have  occasion  to  declare  that 
cotyledons,  bracts,  petals,  &c.,  are  leaves,  we  use  the  word  in 
the  most  comprehensive  sense.     All  this  involves  considerable 
ambiguity ;  and  the  endeavor  to  keep  the  new  wine  in  the  old  ■ 
bottles  causes  no  little  strain.     It  is  Dorne  because  it  has  been  ; 
applied  gradually.     If  Linnaeus  had  started  with,  or  even  reached 
our  ideas,  we  should  happily  have  had  a  nomenclature  to  match. 
Now  we  must  be  content,  for  descriptive  purposes,  to  employ  - 
some  words  both  in  a  restricted  and  in  a  comprehensive  sense, 
and  let  the  context  fix  the  sense,  just  as  it  must  in  ordinary 
language.     Technical  precision  is  only  a  matter  of  degree.    But 
it  is  clear  that  the  excellent  rule  here  laid  down  need  not  forbid 
the  introduction  of  terms  to  express  our  conceptions,  such  as 
rhizom€y  caulome,  trichomey  and  the  like.     Yet  these  are  ill-chosen 
terms,  except  the  last.     In  particular,  rhizoma  has  long  ago  been    I 
appropriated  for  something  which  is  not  of  root  nature,  bat  thft     ] 
contrary.  j 
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(3)  The  third  connsel  is  to  change  the  name  of  an  organ,  as 
we  do  that  of  a  genus  or  species,  only  when  it  is  positively  con- 
trary to  the  truth,  or  when  it  has  been  pre-ocoupied. 

(4)  Avoid  giving  special  names  for  rare  or  ill-definable  cases 
of  structure.  An  epithet  or  short  periphasis  is  vastly  preferable 
to  a  new  and  strange  term,  which  will  be  seldom  used  and  may 
be  hardly  understood.  DeCandolle  truly  remarks  that  after  a 
a  great  multiplication  of  terms  and  distinctions  generally  comes 
some  good  generalization,  which  does  away  with  a  crowd  of 
particular  names ;  that  what  has  happened  in  carpology  is  likely 
to  occur  for  microscopic  organs ;  and  he  adds :  "  Nous  assistons 
au  '  feu  d'artifice '  d'une  trentaine  de  noms  de  ces  ^tats  des  cel- 
lules "  [in  our  vernacular,  we  have  seen  them  "  go  up  **]  ;  "  il  en 
restera  seulement  quelques-uns  g£n£raux  ou  frequents,  qui  seront 
toujonrs  n^cessaires." 

(5)  Between  two  or  more  names  choose,  not  the  most  agreeable, 
or  even  the  most  significant,  but  the  one  best  known  and  most 
widely  recognized. 

^6)  Between  names  equally  known  and  used,  adopt  the  oldest. 
Wnich  are  the  older  names  is  not  difficult  to  know  m  the  case  of 
common  organs ;  but  is  very  much  so  in  moderu  histology. 

(7)  In  this  matter  of  priority  or  of  usage,  consider  only 
dtoies  taken  from  [or  in  conformity  with]  Latin  or  Greek.  As 
in  systematic  botany,  scientific  and  not  vulgar  names  are  to  be 
accounted  in  this  regard.  Those  who  like  spaltdffhung  for 
stoma  or  stonuUe,  and  acheitdzeUe^  must  needs  follow  their  own 
fashion;  but  the  genius  of  our  own  and  the  French  language 
resists  their  importation,  while  it  adopts  or  adapts  with  ease 
technical  terms  from  classical  sources. 

(8)  Not  to  admit  names  contrary  to  these  rules. 

Uhapter  XIV  surveys  some  difficulties  in  phytography  which 
arise  from  the  variant,  changed,  or  contradictory  use  of  certain 
botanical  terms,  and  from  the  employment  of  vernacular  terms 
which  cannot  be  latinized.  The  latter  has  just  been  referred  to 
incidentally.  Even  the  French  describe  the  dehiscence  of  a  cer- 
tain kind  of  capsule  as  "  en  boite  d  savonette.^^  In  English  we  do 
not  attempt  to  say  ''  in  soap-box  fashion,"  and  should  not  be  under- 
stood if  we  did,  but  we  adopt  the  Linnsean  Latin  ^'circumcissile." 
In  general,  DeCandolle  concludes  that  a  vernacular  oerm,  whether 
the  name  of  an  organ  or  of  a  botanical  group,  which  will  not 
enter  into  a  Latin  text  by  a  modification  of  its  termination,  is 
not  scientific,  and  may  give  place  to  one  which  is. 

A  few  terms  are  mentioned  which  have  been  more  or  less 
changed  in  meaning  since  the  time  of  LinnsBus ;  such  as  lanceolate^ 
which  has  gradually  varied  more  or  less,  and  for  a  part  of  the 
change  the  present  writer  is  held  to  account ;  also  glaucuSy  which 
classically  means  sea-^reen  in  hue,  but  which  has  been  generally 
used  in  botany  to  designate  sometimes  a  certain  whitishness,  and 
sometimes  a  whitishness  caused  by  a  minute  waxy  exudation  in 
the  form  of  a  powder :  the  latter  is  the  same  as  pruinosus.    Others 
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may  be  as  Hurprised  as  we  were  to  learn  that  neither  glaucus 
nor  pruinosua  are  Linnajan  terms. 

Amonpj  the  terms  used  ambiguously,  it  is  surprising  that 
DeCandolle  does  not  refer  to  pistiUum^  first  introduced  into 
botany  by  Tournefort,  and  used  in  the, sense  of  the  modem  term 
gynceciwn^  therefore  only  one  to  a  flower;  modified  by  Ludwig  to 
denote  a  female  member  of  the  flower  (having  ovary,  stigma,  and 
commonly  a  style),  of  which  there  may  be  several  or  many  in  a  flower; 
and  adopted  in  the  latter  sense  by  Linnceus,  vet  generally  with  a 
use  that  avoids  contradicting  the  sense  of  Tournefort.  Mirbel, 
Moquin-Tandon,  and  St.  Hilaire  among  the  French,  have  openly 
departed  from  Tournefort's  use,  and  speak  freely  of  pistils  in  the 
plural.  Brown  and  DeCandolle  have  used  the  word  in  the  manner 
of  Ludwig  and  Linnaeus  when  they  have  used  it  at  all,  but  have 
generally  evaded  its  use;  other  botanists,  especially  British,  have 
gone  back  to  the  Tournefortian  sense  of  gyncecium.  The  present 
writer  has  a  note  on  the  subject  in  the  new  edition  of  his  Structural 
Botany  (1879  and  1880),  p.  166. 

Sinistrorse  and  dextrorse  in  the  direction  of  ascent  of  climbinc 
stems  or  the  overlapping  of  parts  in  a  bud,  &c.  DeCandolle  had 
formerly  insisted  upon  tne  desirability  of  following  what  he  takes 
to  be  the  authority  and  practice  of  Linnaeus  in  the  use  of  theie 
terms ;  and  he  here  returns  to  the  subject,  reinforcing  his  former 
arguments.  It  is  most  desirable  that  these  terms  should  not  con- 
tinue to  be  employed  in  contradictory  senses,  one  party  calling 
that  sinistrorse  which  the  other  calls  dextrorse ;  it  is  also  fitting 
that  the  principle  of  priority  should  prevail,  and  that  the  authority 
of  Linnajus  should  be  respected.  Let  us,  therefore,  in  the  first 
place  give  an  abstract  of  the  points  which  DeCandolle  here  makea 

But  first,  we  take  it  for  granted  that  a  stem  or  such  organ, 
having  no  front  or  back,  can  have  no  right  or  left  of  its  own :  so 
when  we  say  that  it  twines  to  the  left  or  right,  we  can  mean 
nothing  else  than  the  right  or  left  of  the  observer.  The  contra- 
diction comes  from  the  different  position  which  the  observer  is 
conceived  to  occupy.  DeCandolle  supposes  the  observer  to  be 
placed  within  the  coil  or  ascending  helix,  and  that  this  is  the 
more  natural  position.  The  other  party  supposes  the  observer  to 
face  the  object  from  without;  and  from  this  position  the  Hop 
twines  to  the  left,  i.  e.,  tunis  in  ascending  from  the  observer's 
right  to  his  left,  while  the  Convolvulus  turns  from  his  left  to  his 
right ;  the  first  is  sinistrorse,  the  second  dextrorse ;  while  to 
DeCandolle,  standing:  within  the  coil,  the  first  is  dextrorse,  the 
second  sinistrorse.  Now,  says  DeCandolle,  Linnaeus  in  the  first 
edition  (1751)  of  the  PhUosophia  Botanica^%  163,  page  103,  says: 
"Sinistrorsum  hoc  est  quod  respicit  sinistrum,  si  pouas  te  ipsnin 
in  centro  constitutum,  meridiem  adspicere ;  dextnim  itaque  oon- 
trarium." 

DeCandolle  remarks  that  the  phrase  ^^ meridiem  ad^icere^h 
of  no  account  [but  it  indicates  a  certain  confusion  in  Linnseos's 
mind],  for  it  matters  not  in  what  direction  you  look.     He  adds 
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-what  we  had  all  overlooked — that  in  the  errata,  on  p.  860, 
innaeus  corrected  the  word  sinistrum  into  deoctram.  But,  inas- 
uch  as  two  editions  of  the  Phil,  Bot  were  printed  at  Vienna  in 
innseas's  life-time,  and  this  correction  was  not  introduced  into 
lem,  he  concludes  that  the  correction  was  canceled  by  the 
ithor  of  it.  And  he  notes  that  the  expression  '^  sinistrorsum 
>c  est  quod  respicit  dextram"  is  a  most  awkward  one  for 
?noting  the  right-about  change  which  the  erratum  had  in  view, 
evertheless  the  correction  was  so  made  in  the  edition  of  the 
^hiL  Bot  by  Gleditsch  in  1780,  two  years  after  the  death  of 
innaeus,  also  in  that  of  Willdenow,  published  ten  years  later. 
ut  DeCaudolIe  the  elder,  in  the  JFTorc  FVan^ise  and  in  all 
is  writings,  followed  the  original  text,  as  also  has  the  present 
'eCandolle,  who  cites  as  maintaining  the  same  view,  Braun 
?ho  for  a  time  gave  way  to  the  opposite),  Bischoff,  Mohl, 
aim,  Dutrochet,  Isaegeli,  and  even  Darwin.  But  we  should  say 
lat  Darwin,  noting  the  conflict  of  views,  had  carefully  evaded 
3th,  using  instead  the  expression  ''  with  the  sun,  and  against  the 
m."  Yet  sometimes  saying  "  from  left  to  right,"  as  equivalent 
>  ^^  against  the  sun"  (as  on  p.  34),  showing  that  he  took  the  ex- 
(mal  position  to  be  the  natural  one. 

Among  those  who  have  used  the  terms  sinistrorse  and  dextrorse 
id  defined  them  in  the  way  which  supposes  the  observer  to  stand 
itside  of  the  helix,  are  Aug.  St.  Hilaire,  Duchartre,  Bentham 
id  Hooker,  Eichler;  and  the  present  writer  may  be  added, 
though  our  author  appears  not  to  be  aware  of  it.  While 
usting  that  the  younger  botanists  will  follow  the  example  of 
innasus  and  the  majority  of  authors,  DeCandoIle  recommends 
lat  those  who  depart  from  it,  and  even  those  who  adopt  it,  shall 
ate  their  point  of  view  by  some  convenient  abbreviation,  such 
I  extus  vis.  or  intua  vis,  /  and  thus  lessen  the  danger  of  a  mis- 
iderstanding.     This  is  indeed  essential. 

DeCandoIle  remarks  that  he  can  discover  no  reason  for  the  ab 
tra  point  of  view  except  a  tacit  but  perhaps  nowhere  expressed 
isumption  that  it  requires  some  effort  to  suppose  one's  self  in  the 
inter  of  a  helix  or  spire.  He  thinks  a  moderate  effort  will 
^complish  this.  The  reply  may  be  that,  in  the  case  of  a  stem 
imbing  a  hop-pole,  or  of  the  scales  imbricated  on  the  axis  of  a 
ne-cone,  or  of  a  flower-bud  on  the  stage  of  a  dissecting  micro- 
!ope,  the  contemplation  of  the  object  from  without  calls  for  no 
fort  at  all !  So  natural  does  this  extraneous  position  appear  to 
e  that  we  found  ourselves  describing  these  objects  from  that 
aint  of  view  without  thinking  of  any  other, — so  natural,  as  we 
lall  see,  that  LinnsBus  fell  into  it  himself,  and  there  remained, 
et,  that  the  opposing  view  has  also  its  fitness  is  obvious  from 
lie  fact  that  the  physicists  and  mathematicians  are  divided  in 
sage,  no  less  than  the  naturalists. 

In  the  actual  state  of  the  case,  the  question  which  view  ought 
0  prevail  in  botany  must  be  determined  on  a  balance  there  of 
iODsiderations :  1.  priority  and  authority,  such  as  that  of  Linnaeus; 
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2.  naturalness ;  3.  preponderant  actual  usage.  We  had  maintained  |»' 
in  this  Journal  (for  March  and  for  May,  1877)  and  in  Stractunl 
Botapy  (6th  ed.,  note  on  pp.  51,  52)  that  the  exteme  vimnn  view 
has  decidedly  the  best  case  on  the  second  ^ound,  and  except  in 
botany  on  the  third  also.  And  now  that  DeCandoUe  has  drawn 
our  attention  to  the  matter,  we  are  going  to  claim  the  remaining 
ground  likewise,  and  to  contend  that  the  contrary  usage  in  botany 
came  in  from  non-attention  to  the  teaching  and  practice  of  Linnsos 
himself  I 

On  p.  39  of  Linnaeus's  only  own  edition  of  the  PhUo$ophia 
Botanxca  he  defines  and  illustrates  the  directions  of  twining  thus: 
^^Sinistrarsum,  secundum  solem  vulgo:  Humulus^  Selxine^  Lani- 
cerGy  Tamus,  Dextrorsum,  contra  motum  solis  vulgi;  Convoltnduiy 
BaseUOy  Phaseolus,  Cynanche^  Miphorbia^  Mipatorium.^^ 

Nothing  is  said  about  the  position  of  the  observer.  But  in 
every  one  of  the  examples  of  sinistrorse  {JBielxine  being  Polygonum 
convolvulus^  the  stem  winds  around  the  support  passing  from 
right  to  left  of  the  observer  confronting  the  coil ;  and  in  every 
one  of  the  dextrorse  examples  {Eupatorium  being  Mtkcuiia) 
it  winds  in  the  opposite  direction.  That  is,  dextrorse  and  sinis- 
trorse are  used  in  tne  extenie  visum  sense.  On  p.  103  the  same  is 
repeated,  except  that  reference  to  the  sun's  apparent  course  is 
omitted  and  additional  examples  are  added,  most  (but  not  all)  of 
them  accordant  with  the  preceding.  So  far,  it  would  seem  that 
Wichura  was  not  mistaken  in  his  statement  that  DeCandolle  had 
followed  a  different  method  from  that  of  Linnaeus.  And  this 
appears  to  be  the  whole  case  as  respects  direction  of  twining. 

feut  on  the  same  page,  to  "  CoroUa  sinistrorsum^^  is  appende^_ 
the  foot-note  which  has  made  so  much  trouble,  viz :  ^'  Sinistrorsun^^^ 
hoc  est,  quod  respicit  sinistrum,  si  ponas  Te  ipsum  in  centr(=» 
constitutura,  meridiem  adspicere ;  Dextrors^im  itaque  contrarium.*'  ^^ 
That  is  to  say,  in  defining  the  direction  of  overlapping  of  thi 
parts  of  a  perianth,  LinnsBus  took  the  open  flower  instead  of  th< 
Dud,  and  proposed  to  look  down  upon  it  from  above  or  withii 
Now  it  may  w^ll  be  that  LinnsBus  subsequently  perceived  th 
contradiction  between  his  terminology  for  overlapping  and  th^'C^ 
for  twining;  and  that  his  brief  erratum,  on  p.  310,  "pro  sinittrur^^ 
lege  deadtram^'*  was  intended  to  bring  the  former  into  congruity 
with  the  latter,  which  it  does;  but  in  an  awkward  way.     Perhaps 
he  saw  the  incompatibilty  of  the  cited  examples  ;  in  fact  about  ^ub 
many  of  them  accord  with  the  outside  as  with  the  inside  point  oi 
view.     Anyway,  the  erratum  is  his  own ;  it  seems  unlikely  that 
he  authorized  its  omission  from  the  Vienna  editions;  and  Gleidistcb 
and  Willdenow  should  not  be  blamed  for  heeding  his  behest  in 
their  editions.     For,  so  far  as  it  goes,  it  tends  to  render  their 
author  consistent  with  himself.     If  LinnsBus  had  revised  the  page 
himself,  he  would  have  left  out  the  " meridiem  adspicere^^  which 
has  nothing  to  do  with  the  matter,  and  doubtless  he  would  have 
completed  his  assimilation  of  the  direction  of  petal-obliquity  or 
overlapping  with  that  of  stem-windiug ;  and  so  the  whole  coniu- 
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sion  from  which  we  are  endeavoring  to  escape  would  have  been 
avoided. 

In  adopting  the  external  point  of  view — now  fortified  by 
original  authority — it  is  well  to  note  that  we  shall  be  in  accord 
with  the  modem  physicists  and  mathematicians,  and  also  with 
common  people.  The  ordinary  screw,  on  which  the  thread  winds 
from  left  to  right  of  the  confronting  observer,  and  which  is 
driven  home  bv  the  semi-rotation  of  the  hand  and  fore-arm  from 
left  to  right,  18  everywhere  known  as  the  right-handed  screw; 
and  this,  with  the  corkscrew,  is  taken  as  the  norm  and  exponent 
of  right-handed  rotation  by  Clerk-Maxwell  (Treatise  on  Electricity 
and  Magnetism,  i,  23),  and  by  Sir  Wm.  Thomson. 

The  analogies  which  have  been  adduced  in  favor  of  the  inside 
position  are  mostly  drawn  from  objects  which  have  a  right  and 
left  of  their  own  ;  a  building,  for  instance,  has  a  right  and  left  side 
or  wine  because  it  has  a  front  and  a  rear.  The  right  side  of  an 
asaerobly  presided  over  by  an  officer  who  faces  the  members  is 
quite  arbitrarily,  but  naturally,  taken  to  be  that  on  the  right  of 
the  chairman.  But  the  right  hand  figures  on  a  drawing  or 
engraved  plate'  are  taken  to  be  those  on  the  right  hand  of  the 
observer,  notwithstanding  that  the  plate,  having  face  and  back,  has 
a  right  and  left  of  its  own. 

Chapter  XV  refers  to  certain  difficulties  which  grow  out  of  am- 
biguous terms  of  ordinary  language ;  for  example,  the  various 
meanings  of  the  word  (Jin)  end  or  purpose,  and  the  ambiguities  in 
the  use  of  the  terms  Nature,  natural,  supernatural  (which  lead  off 
into  philosophy,  but  are  here  treated  rather  in  reference  to  style 
of  exposition) ;  also  the  change  which  has  occurred  in  the  scope 
of  the  word  history  in  natural  science. 

Chapter  XVI  is  an  interesting  and  pertinent  one,  upon  the  man- 
ner in  which  facts  observed  under  the  microscope  are  described, 
and  on  the  great  saving  of  space  and  advantage  in  clearness  which 
would  be  gained  by  the  adoption,  for  all  matters  perfectly  capable 
of  it,  of  the  LinnaBau  descriptive  style,  and  of  Linnsean  Latin. 
Extracts  from  the  German  of  Schacht,  the  French  of  Payer,  and 
the  Italian  of  Gasparrini  are  given,  and  by  their  side  a  rendering 
in  descriptive  Latin ;  and  the  words  and  letters  are  counted.  The 
German  specimen  so  treated  is  diminished  to  considerably  less 
than  half  the  number  of  words  and  a  little  less  than  half  the  num- 
ber of  letters.  The  French  simmers  down  to  one-third  the  number 
of  Latin  words  and  less  than  half  the  number  of  letters  ;  and  in 
the  French  of  descriptive  botany  to  less  than  one-half.  The 
Italian  extract  of  51  words  and  256  letters  is  expressed  in  Latin  of 
LinnsBan  form  by  21  words  and  127  letters. 

Style  in  botanical  works  is  discussed  in  Chapter  XVIII,  which 
all  young  botanists  should  study,  especially  the  portion  which 
treats  of  the  admirable  style  of  Linnaius.  in  speaking  of  botan- 
ical style  in  the  modern  languages,  the  author  notices  the  great 
advantage  which  the  languages  of  Latin  stock  have  inherited,  and 
which  the  English- writing  botanists  have  acquired,  of  ready  and 
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free  use  of  Latin  and  latinized  technical  words  by  direct  transfn^ 
ence.     Botanical  French,  English,  and  Italian,  are  contrasted  with 
the  German  in  this  respect.     Noting  that  the  German  of  conver- 
sation inclines  to  be   clear  and  sententious,  while  in  botanical 
writings  the  words  lengthen  more  and  more  and  the  sentences  be- 
come badly  involved,  our  author  remarks  that  recently  having 
read  a  couple  of  pages  of  Vegetable  Anatomy,  and  feeline  his 
brain  somewhat  fatigued  with  the  frequency  of  such  words  u 
Sclerenchymfdsergruppen^  Qefdssbundentwickelung  and  Entuiieh' 
lungseigenthUmUchkeity  he  asked  himself  if  that  was  good  German 
style.     He  then  recollected  that  Goethe,  one  of  the  very  greatest 
of  German  literary  writers,  was  also  a  profound  naturalist.    He 
opened  his  Metamorphose  der  Pflanzen^  read  a  page  or  so,  and 
experienced  a  relief  which  he  likens  to  that  felt  by  a  sea-tossed 
ocean  voyager  when  the  vessel  suddenly  glides  into  a  quiet  harbor. 

Chapter  XIX  discusses  the  propositions  to  employ  letters  and 
figures,  chosen  arbitrarily  or  otherwise,  to  represent  specific  and 
generic  characters, — repulsive  contrivances,  to  which  our  author 
lends  no  countenance. 

Chapter  XX  treats  questions  of  orthography,  at>breviation8  and 
signs,  pagination,  typography ;  the  twenty-first  chapter,  of  titles 
and  indexes ;  both  full  of  interesting  details  upon  which  we  cannot 
touch,  although  we  are  longing  to  put  in  our  oar. 

Chapter  XXII  animadverts  upon  the  tendency  of  certain 
modern  cryptogamists  to  set  all  botanical  rules  at  naught  The 
next  gives  advice  about  articles  in  journals,  dissertations,  and  the 
like ;  the  next  treats  of  translations ;  another,  of  figures,  and 
has  many  noteworthy  remarks;  Chapter  XXVI,  of  auxiliary 
and  bibliographical  works;  and  Chapter  XXVII,  is  a  chrono- 
logical table  of  the  progress  of  phytography,  beginning  with  a 
Chinese  encyclopedia  1000  years  before  Christ,  and  ending  with 
Sachs'  Lehrbuch,  1868-1877.  Botanical  students  will  find  it  very 
interesting  and  instructive. 

The  remaining  Chapter  begins  the  second  part  of  the  volume, 
Preuves  des  Descriptions  ;  which  is  principally  devoted  to  herha- 
ria,  their  history,  formation,  and  management ; — a  most  important 
chapter,  the  analysis  of  which  would  form  an  article  by  itselt 
Last  in  order  and  not  least  in  importance,  a  full  enumeration  is 
given  of  botanical  collectors  and  authors  who  have  formed  herb^ 
ria,  with  an  indication  of  the  place  where  their  herbaria  or  collec- 
tions are  preserved.  a.  o, 

3.  Occurrence  at  Newport,  R,  Z,  of  two  littoral  species  rf 
European  Shells  not  before  recorded  as  American ;  by  A.  E. 
Verrill. — In  the  latter  part  of  July  and  in  August,  of  tnis  year, 
I  found  living  among  the  decaying  sea-weed,  at  high-water  mark  j 
in  the  docks  at  Newport,  R.  L,  numerous  specimens,  both  M  \ 
grown  and  young,  of  Truncatdla  truncatula  and  Assiminea 
Gray  ana.  They  were  associated  with  Alexia  myosotiSy  Anwrida 
maritima,  Chemes  oblonguSy  a  large  species  of  Ligia^  Orehestia 
agiliSy  and  other  littoral  species.     Whether  these  shells  have  beei 
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accidentally  introduced,  at  that  point,  by  shipping,  or  are  really 
indigenous,  cannot  at  present  be  determined.  They  are  now  cer- 
tainly well  established  inhabitants  of  our  shores.  Ihey  may  have 
been  overlooked  hitherto. 

4.  Hapid  diffusion  of  Littorina  littorea  on  the  New  England 
Coast ;  by  A.  E.  Vebrill. — It  is  well-known  to  American  conchol- 
ogists  that  this  common  European  species  has  become  well-estab- 
lished on  the  New  England  coast  within  ten  or  twelve  years, 
appearing  first  on  the  coast  of  Maine  about  1868;  Dr.  Dawson, 
however,  states  that  he  collected  it  on  the  shores  of  Nova  Scotia 
at  a  much  earlier  date.  I  wish,  at  present,  merely  to  put  on 
record  some  additional  data,  as  to  its  recent  progress  along  the 
coast.  In  1873,  it  was  collected,  in  abundance,  at  Saco,  Maine,  by 
the  TJ.  S.  Fish  Commission,  and  was  found  sparingly  at  Peake's 
L,  Casco  Bay.  In  1872  it  was  very  rare  at  Jrrovincetown, 
Mass.,  but  in  1875,  it  was  common  there.  In  1875,  it  was  collected 
by  the  writer  at  Barnstable,  Mass.,  on  the  shores  of  Cape  Cod 
Bay,  in  large  quantities.  In  1879,  it  had  become  exceedingly 
abundant  at  Provincetown.  In  1875,  our  parties  found  two  speci- 
mens only,  on  the  southern  shores  of  Cape  Cod,  at  Wood's  Holl, 
but  in  1876  it  was  found  to  be  common  there,  and  is  now  very 
abundant.  The  first  specimen  found  so  far  westward  as  New 
Haven  was  obtained  by  Professor  S.  I.  Smith,  during  the  past 
winter.  Other  solitary  specimens  have  since  been  obtained  here 
by  Mr.  E.  Ai.  Andrews,  and  by  Mr.  J.  H.  Emerton.  It  is,  at 
present,  exceedingly  abundant  at  Newport,  R.  I. 

6.  Artificial  propagation  of  the  Spanish  Mackerel  ( Cybium 
mcundatum) ;  by  A.  E.  Verrill. — That  this  highly  valued  fish 
habitually  breeds  at  certain  localities  in  Chesapeake  Bay  was 
recently  ascertained  by  Mr.  R.  E.  Earll,  of  the  U.  S.  Fish  Com- 
miasion.  In  July,  he  visited  the  locality  and  made  experiments 
upon  its  artificial  propagation.  He  was  very  successful  and  easily 
hatched  many  thousands  of  the  young  fish.  These,  though  among 
the  most  minute  of  larval  fishes,  proved  to  be  hardy  and  easy  to 
transport.  The  eggs  hatched  in  less  than  24  hours  after  fecunda- 
tion. The  U.  S.  Fish  Commission  will  undoubtedly  be  able  to 
utilize  this  discovery  next  year  on  a  large  scale,  and  there  is  every 
reason  to  believe  that  this  excellent  fish  may  be  thus  introduced 
into  all  the  waters  south  of  Cape  Cod,  in  great  abundance. 

6.   Occurrence  of  Cioiia  oceUaia  {Ascidia  oceUata  Agassiz)  a^ 
Nmoporty  R.  L;  by  A.  E.  Vkrriix. — This  ascidian,  which  is  one  of 
the  largest  and  most  elegant  found  on  our  coast,  occurs  in  abun- 
dance at  Newport,  both  on  the  rocks  and  on  the  piles  of  wharves, 
at  low-water,  and  on  dead  shells,  to  the  depth  of  20  fathoms.     It 
seems  to  be  very  local  in  its  distribution,  for  I  have  never  seen  it 
at  any  other  locality  on  our  coast.     It  was  originally  obtained  by 
Agassiz,  at  New  Bedford,  Mass.,  according  to  Binney,  in  Gould's 
Invert,  of  Mass.,  where  it  is  figured,  but  not  described.     It  grows 
to  the  length  of  four  or  five  inches,  and  about  an  inch  in  diameter. 
It  is  very  translucent,  allowing  the  internal  organs  to  be  well 
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•lir/**^  '^®  P*^®  greenish  or  yellowish-white  test.  It  is 
'i^iv  LffMohed  by  the  base  and  lower  part  of  one  side.  The 
,*,**uV*»  *w»  surrounded  by  a  circle  of  bright  lemon-yellow,  and 
^y  ./xviti  a»>  bright  red.  There  are  also  two  bright  red  spots 
v.Ma\:\;OwHl  with  the  nervous  ganglia.  The  Ciona  teneUa  (Stimp), 
\\},wh  \a  oommon  in  the  Bay  of  Fundy,  has  the  circles  around  the 
i|K;rc>ur^  bright  red. 

7.  Xote  by  C.  A.  White. — In  the  August  number  of  this  Jour- 
nal>  p.  158,  Mr.  R.  E.  Call  calls  attention  to  two  slight  errors  in 
my  article  "  On  the  Antiquity  of  certain  Subordinate  Types  of 
b\\^h-water  and  Land  MoUusca ;"  referring  to  the  geographical 
distribution  there  attributed  to  Uhio  complanatus  Solander,  and 
to  my  use  of  the  name  "  Vhio  gihbus  Barnes."  The  latter  is  so 
plainly  a  typographical  error  that,  if  inexcusable,  it  is  in  no  dan- 
ger of  misleading  any  one.  My  statement  in  relation  to  the 
former  question  was  based  upon  the  identification  as  Unio  com- 
plancUtis  Solander  of  certain  shells  (collected  by  myself  in  Iowa) 
by  the  late  J.  G.  Anthony.  I  accepted  that  decision  without 
serious  question  because  other  species  of  branchiferous  mollasb 
are  well  known  to  inhabit  both  Atlantic  and  Gulf  drainage 
waters.  Perhaps  Mr.  Call  is  correct  in  his  opinion,  but  he  gives 
it  with  an  emphatic  assurance  which  experienced  naturalists  sel- 
dom express  upon  such  subjects,  and  in  view  of  such  facts.  No 
fact  in  natural  history  is  really  unimportant,  but  as  my  only  ob- 
ject in  that  paper  was  to  show  the  antiquity  of  the  types  referred 
to,  the  question  of  the  actual  geographical  distribution  of  a  par- 
ticular species  of  one  of  those  types  is  not  essential  in  that  con- 
nection, however  important  it  may  be  in  connection  with  the 
subject  of  the  origination  of  those  species. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  TTie  American  and  British  Associatiofis  meet  this  year  on 
the  same  day  of  August — the  25th,  the  former  at  Boston,  the 
latter  at  Swansea.  The  President  of  the  American  Association  is 
Lewis  H.  Morgan;  the  Vice-Presidents,  Asaph  Hall,  of  Section 
A,  and  Alkxandku  Agassiz,  of  Section  B.  The  President  of  the 
British  Association  is  Dr.  A.  C.  Ramsay,  Director-General  of  the 
Geological  Survey,  and  the  General  Secretaries  are  Captain 
Douglas  Galton  and  Dr.  Philip  Ij.  Sclater. 

2.  I/eep-Sea  Sounding  and  Dredging:  A  description  and 
discussion  of  th^i  methods  and  appliances  used  on  hoard  the  Coast 
and  Geodetic  Survey  Steamer  ^^Blake^^^  by  Charles  D.  Sigsree, 
Lieut.  Commander  U.  S.  Navy.  208  pp.  4to,  with  41  plates. 
Washington,  1880.  U.  S.  Coast  and  Geodetic  Survey,  Carlile 
P.  Patterson,  Superintendent. — This  valyable  volume  describes 
in  full  detail,  and  with  a  profusion  of  excellent  illustrations,  the 
methods  and  appliances  employed  for  deep-sea  sounding  and 
dredging  on  board  the  steamer  "  Blake." 

The  work  of  Lieut.  Commander  Sigsbee,  on  the  "  Blake  **  was 
carried  on  for  four  years  beginning  m  the  autumn  of  1874.  It 
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las  resnlted  not  only  in  the  accnmulation  of  much  important  data 
rom  soundings — 12,766  nautical  miles  of  sounding-lines,  with 
terial  temperatures,  were  run  by  him  in  the  Gulf — but  also  in  the 
Avention  by  him  of  many  new  forms  of  apparatus  and  the  im- 
provement of  previous  ones,  calculated  to  facilitate  the  operations 
9f  sounding  and  dredging.  Prof.  Alexander  Agassiz  was  connected 
irith  the  expedition  of  the  Blake  in  the  winter  of  1877-1878,  from 
December  to  March,  and  also  during  its  later  cruising,  having  had 
ipeoial  charge  of  the  collections  from  the  dredgings,  and  has 
ilready  published  part  of  his  results.  The  Superintendent  of 
the  Coast  Survey,  Captain  Carlile  P.  Patterson,  says  with  reason, 
fai  the  preface : 

"  Without  specifying  the  great  results  obtained  from  this  continu- 
ous research,  I  may  be  pardoned  in  referring  with  some  gratifica- 
tion to  the  fact  that  in  the  small  steamer  ^  Blake/  of  only  three 
hundred  and  fifty  tons  burthen,  N.  M.,  under  the  energetic  and 
ikillfiil  commands  of  Lieutenant-Commander  Sigsbee  and  Com- 
nander  Bartlett,  with  a  complement  of  forty-five  including  officers 
uad  crew,  more  rapid  work  was  done  than  had  been  accomplished 
rith  the  old  methods  and  appliances  by  the  '  Challenger,'  a  vessel 
rf  over  2,000  tons  burthen,  with  a  complement  of  twenty-nine 
laval  and  civil  officers  and  a  correspondmgly  large  crew."  lie 
idds  witjK  reference  to  the  present  volume,  "There  being  no 
ipecial  publications  with  detailed  instructions  on  the  systems  and 
methods  adopted  for  deep-sea  sounding  and  dredging,  although 
much  attention  is  now  paid  by  all  maritime  nations  to  the  subject, 
it  has  been  thought  advisable  to  publish  the  methods  used  on 
board  the  '  Blake.'  These  methods,  in  even  so  small  a  vessel  as 
the  *  Blake,'  have  been  prosecuted  with  celerity,  case,  and  precis- 
ion, showing  that  deep-sea  woVk  has  become  nearly  as  ready  of 
accomplishment  as  ordinary  littoral  soundings." 

The  plates  are  partly  heliotypes;  and  all  details  are  given  so  as 
to  make  the  work  a  full  exposition  of  the  best  methods  of  deep-sea 
dredging,  and  of  keeping  records  of  the  observations  and  working 
up  the  results. 


OBITUARY. 


Louis  FRANgois  de  Pourtales,  died  at  Beverly  Farms,  Mass., 
in  the  57th  year  of  his  age,  on  the  17th  of  July,  1880.  Spit6  of 
a  magnificent  constitution  and  a  manly  vigor  of  body  and  mind, 
which  seemed  to  defy  disease  and  to  promise  years  of  activity,  he 
sank  after  a  severe  illness  under  an  inteiiial  malady. 

Educated  as  an  engineer,  he  showed  from  boyhood  a  predilec- 
tion for  natural  history.  He  was  a  favorite  student  of  Professor 
Agassiz  and  when  his  friend  and  teacher  came  to  America  in  1847 
he  accompanied  him  and  remained  for  some  time  with  the  little 
band  of  naturalists  who,  first  at  East  Boston  and  subsequently 
at  Cambridge,  shared  his  labors.  In  1848  Pourtales  entered  the 
U.  S.  Coast  Survey,  where  his  ability  and  Indefatigable  industry 
were  at  once  recognized,  and  he  remained  attached  to  that  branch 
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of  our  public  service  for  many  years.  ITe  there  became  deeply 
interested  in  everything  relatmg  to  the  study  of  the  bed  of  the 
ocean.  Thanks  to  the  enlightened  support  of  the  then  Superin- 
tendent of  the  Coast  Survey,  Professor  Bacho,  and  of  his  successon^ 
Professor  Pierce  and  Captain  Patterson,  he  was  enabled  to  devote 
his  talents  and  industry  to  the  comparatively  new  field  of  "  Thal- 
assography"  and  the  biological  investigations  related  to  it.  The 
large  collections  of  specimens  from  the  sea  bottom  accumulated 
by  the  different  hydrographic  expeditions  of  the  U.  S.  Coast  Sur- 
vey were  carefully  examined  by  him  and  the  results  were  pub- 
lished in  advance  of  their  appearance  in  the  Coast  Survey  Reporti 
in  Peterman's  Mittheilungen,  accompanied  by  a  chart  of  the  eet 
bottom  on  the  east  coast  of  the  United  States.  So  interesting 
and  valuable  were  the  results  obtained,  not  only  as  an  aid  to 
navigation,  but  in  their  wider  bearing  on  the  history  of  the  Gulf 
Stream  and  on  the  distribution  of  animal  life  at  great  depths,  that 
in  1866  he  was  sent  out  by  Professor  Pierce,  then  Supenntendent 
of  the  Coast  Survey,  to  continue  these  investigations  on  a  larger 
scale.  During  1866,  1867  and  1868  he  was  in  charge  of  the  ex- 
tensive dredging  explorations  carried  on  by  the  U.  S.  Coast  Su^ 
vey  steamer  "Bibb,"  acting  Master  Piatt,  along  the  whole  line  of 
the  Florida  Reefs  and  across  the  Straits  of  Florida  to  Cuba,  Salt 
Key  and  the  Bahama  Banks.  The  results  of  these  expeditioni, 
published  in  the  bulletin  of  the  Museum  of  Comparative  Zo5lc^, 
excited  great  interest  among  zoologists  and  geologists.  Hr. 
Pourtal^s  was  indeed  the  pioneer  of  deep-sea  dredging  in  Ame^ 
ica,  and  he  lived  long  enough  to  see  that  these  expeditions  had 
paved  the  way  not  only  for  similar  English,  French  and  Scandi- 
navian researches  but  had  led  in  this  country  to  the  "  IlassW 
and  finally  to  the  "  Blake"  expeditions  under  the  auspices  of  the 
Hon.  Carlile  Pattereon,  the  present  Superintendent  of  our  Coast 
Survey.  On  the  llassler  Expedition  from  Massachusetts  Bay 
through  the  Straits  of  Magellan  to  California  he  had  entire  charge 
of  the  dredging  operations.  Owing  to  circumstances  beyond  Us 
control  the  deep  sea  explorations  of  that  expedition  were  not  as 
successful  as  he  anticipated. 

At  the  death  of  his  father  Mr.  Pourtal6s  was  left  in  an  inde- 
pendent position,  which  allowed  him  to  devote  himself  more  comr 
pletely  than  ever  to  his  zoological  "studies.  He  resigned  his  offi- 
cial connection  with  the  Coast  Survey  and  returned  to  Cambridge, 
where  he  became  thenceforth  identified  with  the  progress  of  the 
Museum  of  Comparative  Zoology.  To  Professor  Agassiz  his 
presence  there  was  invaluable.  In  youth  one  of  his  favorite  pu- 
pils, throughout  life  his  friend  and  colleague,  he  now  became  the  1 
support  of  his  failing  strength.  The  materials  of  the  different 
deep-sea  dredging  expeditions,  above  mentioned,  had  been  chiefly 
deposited  at  the  museum  in  Cambridge,  and  were  thence  distrib- 
uted to  specialists  in  this  country  and  in  Europe.  A  large  part  of 
the  special  reports  upon  them  have  already  appeared.     Mr.  Pou^    j 
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3idB.  A  number  of  his  papers  on  the  deep-sea  corals  of 
Df  the  Caribbean  Sea,  and  of  the  Gulf  of  Mexico  have  ap- 
1  the  museum  publications.  He  had  begun  to  work  at 
ificent  collection  of  halcyonarians  made  by  the  "  Blake  " 
iribbean  Sea,  and  had  already  made  good  progress  with 
report  on  the  holothurians.     The  cnnoid  memoirs  pub- 

him  relate  to  a  few  new  species  of  ComatulsB,  and  to  the 
ig  genera  Rhizocrinus  and  Holopus. 
les  of  his  memoirs  indicate  the  range  of  his  learning  and 
ng  industry.  His  devotion  to  science  was  boundless.  A 
orker,  so  quiet  that  his  enthusiasm  was  known  only  to 
10  watched  his  steadfast  labor,  he  toiled  on  year  after 
lout  a  thought  of  self,  wholly  engrossed  in  his  search 
h.  He  never  entered  into  a  smgle  scientific  controversy 
asserted  or  defended  his  claims  to  discoveries  of  his  own 
id  escaped  attention.  But  while  modest  to  a  fault  and 
y  careless  of  his  o\vn  position,  he  could  rebuke  in  a  pe- 
effective  though  always  courteous  manner,  ignorant  pre- 
or  an  assumption  of  infallibility. 

ited  keeper  of  the  Museum  of  Comparative  Zo5logy  after 
h  of  Professor  Agassiz,  he  devoted  a  large  part  of  his 
he  administration  of  the  museum  affairs.     Always  at  his 

passed  from  his  original  investigations  to  practical  de- 
nying out  plans  which  he  had  himself  helped  to  initiate 
rowth  of  the  institution.     As  he  had  been  the  devoted 

Professor  Agassiz  he  became  to  his  son  a  wise  and  affec- 
jounselor  without  whose  help  in  the  last  ten  years  the 
could  not  have  taken  the  place  it  now  occupies, 
lid  not  live  to  see  the  realization  of  his  scientific  hopes  he 
least  long  enough  to  feel  that  their  fulfillment  is  only  a 
f  time.  He  has  followed  Wyman  and  Agassiz,  and  like 
a  left  his  fairest  monument  in  the  work  he  has  accom- 
and  the  example  he  leaves  to  his  successors.  a.  ag. 

^,  Mass.,  July  31,  1880. 

Bor  E.  B.  Andrews,  of  Lancaster,  Ohio,  one  of  the  corps 
Tists  engaged  since  1869  on  the  Geological  Survey  of 
3  the  author  of  a  very  valuable  volume  among  its  final 
IS  well  as  various  geological  memoirs,  died  on  the  2l8t  of 

in  his  sixtieth  year.  He  was  a  graduate  of  Marietta 
Ohio,  and  its  Professor  of  Geology  from  1851  until  he 
)n  his  work  in  connection  with  the  State  Geological  Sur- 
iring  the  five  years  previous  to  1851  he  was  pastor  of 

in  Housatonic,  Mass.,  and  New  Britain,  Conn.  The 
Ohio  owes  much  to  him  for  his  careful  study  of  the  coal 
of  the  southeastern  part  of  the  State — the  part  under 
al  charge, — and  for  other  labors  connected  with  the  de- 
it  of  its  mineral  and  geological  resources.  Mr.  Andrews 
ly  esteemed  for  his  many  excellencies,  and  will  have  his 
scientific  history  for  his  part  in  the  progress  of  American 
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H^A^iM^  Albert  J.  Mybr,  the  efficient  head  of  the  United 
^*iiw*  i'^nal  Service,  died  in  Buffalo,  on  the  24th  of  August, 
^t.  ^  tifty-second  year. 

X^m.  number  of  the  American  Journal  of  Science  not  only  is  much  enlarged  ia 
vMij^uenco  of  the  demand  of  its  long  articles,  but  fails  of  several  book  noticefl 
w  lilc^  ahould  have  appeared  in  it.   The  following  are  among  the  volumes  received.— 

H^port  of  the  Superintendent  of  the  TJ.  S.  Coast  Survey,  showing  the  progress 
of  (he  work  for  the  fiscal  year  ending  with  June,  1876.  416  pp.  4to,  with  24 
UMiiw.     Washington,  1879. 

The  Natural  History  of  the  Agricultural  Ant  of  Texas :  a  monograph  of  the 
habits,  architecture  and  structure  of  Pogonomyrmex  barbatus,  by  Tleiiry  (/liristo- 
uher  McCook.    312  pp.  8vo.     Philadelphia,  1880.    (J.  B.  Lippineott  »t  Cx).) 

The  Groological  Record  for  1877  :  An  account  of  works  on  Greology,  Mineral- 
ogv,  and  Paleontology  published  during  the  year,  with  supplements  for  1874-)6. 
Kdited  by  William  Whitaker,  B.A.,  P.R.S.,  of  the  Geological  Survey  of  England. 
432  pp.  8vo.     London,  1880. 

Contributions  to  Paleontology,  Nos.  2-8,  by  C.  A.  White,  M.D.  [Extracted 
from  the  12th  annual  Report  of  the  TJ.  S.  Geological  Survey,  1878,  F.  V.  Ilayden, 
U.  S.  Geologist  in  charge.]  Author's  edition.  171  pp.  8vo,  plates  11  to  42. 
Washington,  1880. 

Annals  of  the  Astronomical  Observatory  of  Harvard  College,  vol.  xii:  Obser- 
vations made  with  the  Meridian  Circle  during  the  years  1874  and  1875,  and  pre- 
pared for  publication  under  the  direction  of  Joseph  Winlock  and  Kdward  C.  Vkk- 
ering,  successive  Directors  of  the  Observatory,  by  William  A.  Rogers,  Assistant 
Professor  of  Astronomy  in  the  Observatory.  Printed  from  the  Sturgia  fund. 
271  pp.  4to  (with  introduction  i-xcii).     Cambridge,  1880. 

Catalogue  of  618  Stars  observed  at  the  Astronomical  Observatory  of  Harvard 
College,  with  the  Meridian  Circle  during  the  years  1871-2,  1874,  1875.  [Ex- 
tracted from  vol.  xii  of  the  Annals,  see  above.] 

First  Annual  Report  of  the  Department  of  Statistics  and  Geology  of  the  State 
of  Indiana,  1879.     514  pp.  4to.     Indianapolis,  1880. 

Elementary  Treatise  on  Electric  Batteries.  From  the  Frendi  of  Alfred  Niaudet, 
translated  by  L.  M.  Fishback.    266  pp.'8vo.  New  York,  1880.  (John  Wiley  A  ^^n3.) 

Science  Primers:  Introductory  by  Professor  Huxley,  F.R.S.  94  pp.  12mo- 
New  York,  1880.    (D.  Appleton  «k  Co.) 

Water  Analysis  for  Sanitary  Purposes;  with  hints  for  the  interpretation  o* 
results,  by  E.  Frankland,  Ph.D.,  etc.  144  pp.  8vo.  Philadelphia,  1880.  (Presley 
Blakiston.) 

Interesting  CJhemical  Exercises  in  Qualitative  Analysis  for  ordinary  schools,  by 
Geo.  W.  Rains,  M.D.     59  pp.  8vo.     New  York,  1880.     (D.  Appleton  k,  Co.) 

Proceedings  of  the  National  Microscopical  Congress,  held  at  Indianapolis-' 
August  14-19,  1878;  and  of  the  American  Society  of  Microscopists,  held  »^ 
Buffalo,  N.  Y.,  August  19-24,  1879.     77  pp.  8vo.     Indianapolis,  1880. 

The  Microscopists  Annual  for  1878.  Number  1. — containing  useful  tabled 
rules,  formulas,  memoranda,  list  of  Microscopical  Societies,  directory  of  prominer*- 
makers,  eta     48  pp.  12mo.     N^w  York,  1880.    (Industrial  Publication  Company- 

Regenwaarnemingen  in  Nederlandsch- Indie.  Eerste  Jaargang  1879  door  Dr.  t"* 
A.  Berg^ma^  Directeur  van  het  Observatorium  to  Batavia.  257  pp.  8vo.  Batavi^ 
1880. 

M^moires  sur  les  Terrains  Cr^tac^  et  Tertiares  pr^par^s  par  feu  Andre  DumoE^- 
Pour  servir  a  la  description  de  la  Carte  G^logique  de  la  Belgique.  fidites  i>^ 
Michel  Mourlon.  Tome  iii.  Terrains  ,Tertiaires,  seconde  partie.  459  pp.  8^ 
Brussells,  1878.     Mus^  Royal  d'Histoire  Naturelle  de  Belgique. 
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^RT.  XXIX. — On  the  Mineral  Locality  at  Branchville^  Oonnec- 
ticiU :  Fourth  Paper.*  Upodumene  and  the  results  of  its 
Alteration  ,-f  by  George  J.  Brush  and  Edward  S.  Dana. 
(With  Plate  iv> 

In  the  present  paper  we  give  the  results  we  have  obtained 
in  a  study  of  the  spodumene  from  Branchville,  Conn.,  and  of 
the  various  minerals  derived  from  its  alterations.  It  is,  after 
the  feldspars,  mica  and  quartz,  the  most  important  of  the  orig- 
inal minerals  of  the  locality,  and  occurs,  though  mostly  in  an 
altered  condition,  in  very  large  quantities. 

*  For  preTiouB  papers  upon  this  subject  see  this  Journal,  III,  zvi,  33,  114, 
1878;  XYii,  359,  1879;  xviii,  45,  1879. 

f  An  extended  and  valuable  memoir  upon  **  Spodumene  and  its  alterations  from 
the  granite  yeins  of  Hampshire  Co.,  Mass.,"  has  been  recently  published  by  Mr. 
A.  A.  Jnlien  in  the  Anoala  of  the  New  York  Academy  of  Sciences,  Vol.  i,  No.  x 
(see  this  Journal,  xix,  237,  March,  1 880).  It  is  proper  that  we  should  state  here 
that  most  of  the  results  of  this  paper,  including  every  analysis,  had  been  oom- 
I^etod  previous  to  the  appearance  of  that  of  Mr.  JuUeo,  and  when  we  had  no 
former  knowledge  of  its  contents  than  is  suggested  by  the  preliminary  notice  of 
cymatolite  publi^ed  by  him  in  this  Journal  for  May,  1879  (xvii,  398).  The  fact, 
however,  that  Mr.  Julien  was  engaged  upon  this  investigation  and  had  been  at 
woric  upon  it  for  several  years  was  known  to  us,  and  we  felt  it  only  right  that  we 
should  defer  the  publication  of  our  article  until  his  had  appeared.  It  will  be  seen 
that  oar  resnlts,  though  arrived  at  independently  and  based  upon  material  from  a 
different  source,  in  many  cases  confirm  those  of  Mr.  Julien,  and  this,  as  we  believe, 
adds  mudi  to  the  interest  of  the  whole  subject  Our  conclusions,  however,  differ 
eaocntially  in  some  respects.  We  have  found  that  cymatolite  is  not  a  true 
q>eciee,  but  only  a  mechanical  mixture  of  albite  and  muscovite.  This  fact,  taken 
with  the  presence  of  the  analogous  complex  substance,  P  spodumeue,  makes  it 
DOW  possible  to  give  a  reasonably  dear  and  thorough  explanation  of  all  the 
changes  inv<dved  in  this  most  interesting  case  of  pseudomorphism. 

Am.  Joitb.  Soi.— Thibd  Sbbim,  Vol.  XX,  No,  118.— Oct.,  1880. 
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A.   Unaltered  Spodumene. 

The  greater  part  of  the  unaltered  spodumene  occurs  in 
confusedly  crystalline  masses,  showing  distinct  cleavage,  but 
seldom  any  approach  to  crystalline  form.  It  is  possible  to 
obtain  the  mineral  nearly  pure,  though  somewhat  intermingled 
with  albite,  in  blocks  weighing  several  hundred  pounds.  In 
this  form  the  spodumene  has  a  dull  white  color ;  it  is  in  many 
cases  somewhat  discolored,  and  is  only  partially  translucent; 
the  cleavage  surfaces  are  often  coatisd  with  delicate  dendrites 
of  manganese  oxide.  The  associated  minerals,  in  addition  to 
the  albite  and  a  little  quartz  and  mica,  are  apatite,  lithiophilite, 
columbite,  garnet  and  uraninite,  with  various  other  uranium 
minerals  formed  from  alteration. 

In  addition  to  this  massive  variety,  the  spodumene  also 
occurs  in  an  unaltered  condition  as  nuclei  of  aistinct  pseudo- 
morphous  crystals.  These  crystals  often  occur  of  enormous 
size,  imbedded  for  the  most  part  in  massive  quartz,  though 
sometimes  extending  into  the  albite.  The  nucleus  of  spodu- 
mene (see  below  and  figures  la,  5,  8,  14,  Plate  iv*)  is  in  every 
case  sharply  separated  from  the  altered  mineral  surrounding  it, 
and  its  cnaracters  show  that  the  crystals  must  originally  have 
had  rare  beauty.  One  of  the  finest  crystals  that  we  have  found 
thus  far  had,  as  imbedded  in  the  (quartz,  a  length  of  three  feet, 
a  width  of  eight  inches  and  a  thickness  of  two  inches.  The 
unaltered  spodumene,  of  a  fine  amethystine  color,  made  up 
about  one-fourth  of  the  whole,  extending  rather  regularly 
through  the  middle  of  the  crystal.  Unfortunately,  the  spodu- 
mene was  much  rifted  and  fractured,  so  that  its  former  trana- 
parency  had,  for  the  most  part,  disappeared.  The  exterior  of 
the  crystal  consisted  principally  of  p  spodumene,  with  small 
quantities  of  cymatolite  and  albite.  Another  altered  crystal 
Was  measured  while  imbedded  in  the  quartz,  of  which  a  lengUi 
of  over  four  feet  was  exposed.  It  is  not  possible  to  extract 
these  crystals  entire,  but  many  fragments  have  been  obtained 
which  have  a  width  of  over  a  foot  across  the  prism  and  a 
thickness  of  two  to  four  inchea  In  habit  the  crystals  are 
much  like  those  from  Norwich,  Massachusetts.  They  are 
generally  broad  or  flat,  through  the  development  of  the  ortbo- 
pinacoid,  and  comparatively  thin ;  not  unfrequently  they  are 
well  termihated.  Occasional  stout  crystals,  having  a  square 
prismatic  form,  much  like  pyroxene,  are  also  observed. 

In  the  better  specimens  the  spodumene  is  perfectly  trans- 
parent, sometimes  colorless,  and  again  of  a  beautiful  rose-pink 
or  amethystine-purple  color.  It  shows  the  prismatic  cleavage 
with  unusual  perfection,  and  that  of  the  clinopinacoid  irr^o- 

*  Figures  1  to  14  inclusive  are  to  be  found  on  the  accompanjiog  Plate,  te 
other  figures  (16-20)  are  in  the  text. 
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ly.  The  angle  of  the  prismatic  cleavage^ — viz.,  87°  18' — 
3  obtained  with  great  exactness. 

Chemical  composition, — An  analysis  of  the  transparent  pink 
dumene  was  made  by  Mr.  S.  L.  Penfield  with  the  following 
alts.    Specific  gravity  =8*198. 


L 

II. 

Mean. 

Ratio. 

SiO, 

64-32 

6418 

64-25 

1071 

4 

Al.O, 
Fe,0, 

27-14 
018 

27-26 
0-22 

27-20 
0-20 

-262 
-001   ' 

•263 

•98 

ia,o 

7-64 

7-59 

7-62 

•264 

•260 

•97 

Na,0 

0-39 

0-39 

0-39 

-006  ■ 

E,0 

tp 

tr 

tr 

Ignition 

0-24 

0-24 

0-24 

9991  99*88  99*90 

Phe  ratio  of  Li,0 :  A1,0, :  SiO,  =  1:1:4;  this  corresponds 
the  oxygen  ratio*  of  1:8:8.  The  formula  is  then,  neg- 
ing  the  very  small  amount  of  soda, 

Li,Al,Si,0,^ 

is  result  agrees  exactly  with  that  reached  by  Doelter  in  his 
estigation  of  the  composition  of  spodumene,t  and  with  that 
Tulien.J  It  is  to  be  noted,  however,  that  the  percentage  of 
lia  here  obtained  is  higher  and  that  of  soda  lower  than  in 
'  analyses  previously  published.  For  example,  Doelter 
nd  in  the  Norwich  mineral  7*04  Li,0,  1*10  Na,0  and  012 
3 ;  in  that  from  Brazil  7*09  Li,0  and  0*98  Na,0.  Julien 
ained  in  the  Goshen  spodumene  6*89  Li,0,  0*99  Na,0,  1*45 
3  ;  and  in  that  from  Chesterfield  6-99  Li,0,  0*50  Na,0,  and 
3  K^O.  Doelter  concludes  for  the  Norwich  mineral  that  the 
3unt  of  lithia  obtained  is  rather  too  small  than  too  large, 
1  attributes  the  soda  present  to  incipient  alteration.  The 
rectness  of  this  view  seems  to  be  proved  by  the  analyses 
e  published  of  the  Branchville  mineral,  which  certainly 

nothing  to  be  desired  in  regard  to  purity  or  freedom  from 
iration.     The  great  tendency  of  spodumene  to  change  by 

assumption  of  potash  or  soda  and  loss  of  lithia  will  be 
ie  evident  by  what  follows. 

B.  Alteration  op  Spodumene. 

iiS  the  result  of  the  alteration  of  the  spodumene,  we  have 
nd  two  substances  which  at  first  sight  seem  to  be  homo- 
eous,  and  each  of  which  has  a  definite  chemical  composi- 
1,  and  which,  notwithstanding,  are  only  intimate  mechanical 
ctures  of  two  species ;  one  of  these,  called  by  us  ^  spodu- 
ne,  is  made  up  of  albite  and  a  new  lithia  mineral  to  which 

This  ratio  was  obtained  by  Brush  from  analyses  of  the  Massachusetts  mineral 
.850.    Am.  Jour.  Sci.,  II,  x,  370. 
Tachennak,  Min.  u.  Petr.  Mitth.,  i,  517,  1878.  %  L  c,  p.  325. 
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we  have  given  the  name  eucryptite ;  and  the  other  is  cymato- 
lite,  an  aggregate  of  albite  and  muscovite.  We  have  also 
found  the  following  independent  minerals : — albite,  microcline, 
museovite,  and  killinite.  The  two  complex  substances  and 
all  of  the  last  named  minerals,  except  the  mica,  occur  as  dis- 
tinct pseudomorphs,  having  the  form  of  the  spodumene.  The 
mica,  taken  independently  of  its  constant  associate  the  albite, 

Slays  only  a  secondary  part.     In  addition  there  are  other  pseu- 
omorphs,  of  composite  character,  consisting,  as  Mr.  Julien  has 
well  expressed  it,  **of  vein  granite." 

We  will  first  give  the  physical  and  chemical  characters  of 
the  various  minerals  (incluaing  the  two  aggr^ates)  taken  sep- 
arately, and  then  go  on  to  describe  more  minutely  the  way  in 
which  they  are  associated  together. 

L  Pboduotb  or  the  Altkratiov. 

1.   /?  Spodumene. 

The  substance  which  we  have,  for  convenience,  called  fi 
spodumene,  since  we  do  not  regard  it  as  deserving  an  inde- 
pendent name,  seems  to  mark  the  first  step  in  the  alteration  of 
the  spodumene. 

Physical  characters, — It  is  a  compact,  apparently  homogene- 
ous mineral,  having  a  rather  indistinct  fibrous  to  columnar 
structure,  this  being  always  at  right  angles  to  the  adjoining 
surface  of  the  original  mineral.  Hardness  6*5  to  6 ;  specific  grav- 
ity 2 '644-2 '649.  Color  white  to  milk  white,  and  again  slightly 
greenish-white;  translucent     Fusibility =2*26. 

Chemical  composition, — Analyses  of  three  independent  speci- 
mens have  been  made  by  Mr.  S.  L.  Penfield.  Number  1  was 
taken  from  a  crystal,  part  of  which  consisted  of  the  transparent 
pink  spodumene,  described  above,  and  the  outer  portion  was 
this  mmeral  (similar  to  fig.  5).  The  line  of  demarcation  was 
perfectly  sharp,  so  that  the  purity  of  the  material  analyzed 
cannot  be  questioned.  The  results  of  the  analysis  are  as 
follows : — 


No.  1,  G.— <ft-649. 

SiO, 


A1,0, 

Fe,0, 

Li,0 

Na,0 

K,0 

Ignition         0*46 

100-26 


I. 
61-36 
26-26 
024 
3-63 
8-32 
tr 


II. 

61-42 

25-74 

0-24 

3-59 

8-26 

tr 

0-46 

99-TO 


Mean. 

61-38 

26*00 

0-24 

3-61 

8-29 

tr 

0-46 


99-98 


Ratio. 
1-023 

•266 
-264 


4 
•99 

-99 


The  second  portion  analvzed  was  from  a  fragment  of  a  laige 
and  entirely  altered  crystal ;  its  dimensions  were  9  by  8  by  8J 
inches.     It  consisted  mostly  of  cymatolite,  and  the  ^  spoda* 
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mene  had  all  the  appearance  of  passing  insensibly  into  it ;  a 
single  fragment,  across  the  prism,  could  be  obtained  made  up 
of  both  minerals,  the  fibrous  structure  of  the  one  beins  con- 
tinued in  the  other  (similar  to  fig.  16).    The  analysis  yielded : — 


•.a,o.— sfM.       I. 

II. 

Mean. 

SiO,             61-46 

61-57 

61*51 

AliOt  not  detennined 

26-66 

26-56 

li,0              3-55 

3-44 

3-50 

Na,0             8-15 

813 

8-14 

K,0              015 

015 

0-15 

Ignition         0-29 

0-29 

0-29 

•117) 
•131  \ 
•001) 


Ratio. 

1025  4 

258  1 

249  0-97 


100-14  100-15 


The  third  portion  was  part  of  a  smaller  and  well  developed 
crystal,  having  the  external  prismatic  form  complete.  It  con- 
sisted in  the  interior  of  spodumene,  then  the  fi  spodumene 
making  up  the  greater  part  of  the  whole,  and  finally  a  thin 
crust  of  cymatolite.  The  specimen  analyzed  was,  as  &r  as  the 
eye  could  detect,  perfectly  pure  and  homogeneoua  The  color 
was  greenish-white  and  it  was  decidedly  translucent  The 
analysis  afforded : — 


No.  8. 0.*^-^. 

L 

U.       , 

Mean. 

Batlo. 

SiO, 

61^78 

61-64 

61-71 

1-028 

4 

AUO, 

26-57 

26-69 

26-63 

•259 

1 

Li,0 

3-83 

3-83 

-128 
-132 

•260 

1 

Na,0 

8-16 

8-16 

K,0 

tr 

tr 

Ignition 

0-21 

0-21 

100-53  100-54 

If  the  mean  analyses  of  the  three  groups  be  compared,  it  will 
be  found  that  they  agree  very  closely  with  one  another ;  in 
fact  the  agreement  is  as  close  as  could  be  expected  for  three 
successive  analyses  made  upon  the  same  material.  But,  as 
will  be  seen  from  what  has  already  been  said,  the  three  samples 
were  entirely  independent,  being  taken  from  different  parts  of 
the  ledge  and  differing  in  manner  of  association ;  the  agree- 
ment between  them  thus  becomes  very  striking.  The  ratio 
obtained  for  each 

R,0 :  R,0, :  SiO,  =  1:1:4 

is  the  same  as  that  of  spodumene,  from  which  it  differs  only  in 
this :  that  one-half  of  the  lithium  has  been  removed  and  its 
place  (chemical  equivalent)  taken  by  sodium.  The  formula  is 
then : — 

(Li,  Na),Al,Si40,a  =  Li,Al,Si4Qn  +  Na,Al,Si40,a  (1) 

or  =  LiaAUSi,0,  +  Na,  AlaSi.Ce  (2) 

It  is  shown  below  that  the  formula  given  in  (2)  is  the  correct  ona 
The  facts  stated  thus  far  would  seem  to  be  sufficient  to  prove 
that  the  mineral  was  homogeneous  and  had  a  definite  composi- 
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tion  ;  there  are,  however,  other  facts  which  have  an  important 
bearing  upon  this  point 

It  was  found  by  Mr.  Penfield  that,  although  the  mineral 
gelatinizes  with  acid,  it  is  not  entirely  decomposed.  On  the 
contrarv,  it  is  divided  into  two  portions  by  the  treatment  with 
hydrochloric  acid,  viz : — a  soluble  portion  (A),  and  an  insoluble 
remainder  (B),  the  latter  including  also  the  silica  extracted  from 
the  soluble  part.    The  results  of  three  analyses  gave 

B.  Insoluble  in  HCl,  with 
A.  Soluble  in  HCl.  SiO<  from  A. 

No.  1  (17-97)  8203  =  100- 

2  16-66  83-01  =     99-66 

3  17-91  82-18  =  100-09 

In  the  case  of  No.  2,  complete  analyses  of  both  the  soluble  and 
insoluble  portions  were  made ;  these  were  independent  of  the 
total  analyses  of  the  same  sample  already  given.  The  method 
of  analysis  was,  briefly,  as  follows:— A  gram  of  the  mineral 
was  digested  with  HCl,  evaporated  to  dryness,  then  moistened 
with  HCl  and  a  second  time  evaporatea  to  dryness.  After 
being  again  moistened  with  HCl  the  soluble  portion,  A  above, 
was  filtered  off  and  the  alumina  and  alkalies  determined  in  it 
by  the  usual  methods.  The  insoluble  portion,  which  included 
the  silica  extracted  from  A,  after  being  weighed,  was  boiled 
with  Na,CO,  and  (in  the  case  of  No.  8)  with  a  Tittle  KOH.  By 
this  means  the  soluble  silica  of  A  was  dissolved  out  and  the 
insoluble  remainder  being  weighed,  the  amount  of  the  soluble 
silica  was  determined  by  the  difference.  Finally,  the  insolu- 
ble part  was  analyzed  in  full  by  the  usual   methods.     The 

results  of  the  analyses  were  as  follows : 

No.  a. 

6.  Insoluble  in  HCl  with  silica  of  A  83-01 

Insoluble  remainder  after  treatment  with  soda  67*56 

15-45 
I    A.  Soluble  in  HCl  (16*65),  plus  silica  extracted  by  soda  from  6  32*10 

The  two  parts,  therefore,  into  which  the  original  mineral  is 
divided  by  hydrochloric  acid,  are: — 

Mo.  3. 

A.  Soluble  portion  32*10 

£.  Insoluble  portion  67*56 

99*66 

The  composition  obtained  for  A  was  as  follows  : — 

A.  SokiMe  portion. 

Calculated  to  100.        Calculated  from  fonnsla 
No.  2.  No.  8. 

SiO,  15*45  48*13  47-51 

AlaOs  1300  40-50  4061 

Li,0  3*50  10*90  11-88 

K,0  0*15  0-47 

32*10  100-00  100-00 
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For  the  above  analysis  the  ratio  is,  nearly : — 

SiO,  :  AUG,  :  li.O 
Na  2  2:1       :     1 

This  corresponds  to  the  formula,  Li,Al^i,0„  the  percentage 
composition  of   which,  given    above,   agrees  well  with   the 
analysis 
Tne  composition  obtained  for  B  was: — 

B.  Insoluble  portion, 

CaloaUted  to  100.        CAlenlated  from  f ormnla. 
Ko.  a.  No.  2. 

SiO,  46*06  6818  68*62 

AI,0,  13*56  2007  19*56 

Na,0  7*94  11*76  11*82 


67*56  100*00  100*00 

The  ratio  ctilcalated  from  the  preceding  analysis  is : — 

SiO<  :  Al,0t  :  Na,0 
No.  2  6-        107        100 

This  ratio  is  very  closely  that  of  albite,  viz :  6:1:1,  so  that 
the  formula  for  the  insoluble  portion  is  Na,Al,Si.O,.. 

An  analysis  was  also  made  of  sample  No.  8,  but  the  separa- 
tion was  a  little  less  complete  than  of  No.  2 ;  the  first  mges- 
tion  in  acid  left  behind  a  very  little  of  the  soluble  mineral,  as 
shown  by  the  presence  of  lithia  in  B,  and  then  in  the  subse- 
quent treatment  of  the  insoluble  part  (in  which  also  KOH  was 
employed)  there  seemed  to  have  been  a  slight  decomposition  of 
the  albite.  The  residts,  although  for  the  reason  ^iven  hardly 
worth  putting  on  record,  were  satisfactory  in  this,  that  they 
confirmed  those  of  No.  2. 

The  point  thus  far  established  may  be  stated  as  follows: 
A  chemical  examination  proves  that  the  substance,  called 
provisionally  fi  spodumene,  is  not  a  distinct  species,  but  only 
a  very  uniform  mixture  of  two  minerals ;  one  of  these,  called 
by  us  eiicryptite,  dissolves  with  gelatinization  in  hydrochloric 
acid,  and  nas  the  composition,  Li,Al,Si,0, ;  the  other,  not 
attacked  by  acid,  is  albite^  Na,Al,SieO,^  The  true  expres- 
sion of  the  chemical  composition  of  the  substance  is,  therefore, 
seen  to  be  that  (2)  given  above.  That  the  mixture  is  truly 
mechanical,  and  not  a  molecular  one  broken  up  by  the  acid 
(if  that  were  possible),  is  proved  by  this  significant  fact :  the 
insoluble  residue  (B  above),  left  after  the  digestion  in  sodium 
carbonate,  was  in  one  case  examined  under  the  microscope,  and 
{oand  to  be  crystalline^  and  to  have  the  peculiar  semi-fibrous 
gtmcture  belonging  to  the  pseudomorphous  albite,  as  described 

below. 
The  microscopic  examination  of  thin  sections  of  ^  spodu- 

mene  confirms  the  results  reached  from  the  chemical  side  as  to 
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the  complex  nature  of  the  substaDce,  and  gives,  in  addition,  a 
very  satisfactory  determiDation  of  the  crvstalline  character  of 
the  new  lithia  minera].  A  series  of  thin  sections  were  pre- 
pared, some  parallel  to  the  Gbrous  structure,  that  is  at  nght 
angles  to  the  original  mineral  (spodumene),  and  others  trans- 
verse to  the  fibers  and  consequently  parallel  to  the  original 
prism.  The  sections  parallel  to  the  fibers,  when  examined 
under  the  microscope,  seemed  at  first  sight  to  give  no  proof  of 
want  of  homogeneity.  The  fibere,  seemingly  of  rounded  forai, 
and  though  in  general  paralle!  yet  qnite  wavy  in  oatline,  are 
packed  so  closely  together  that  the  question  of  the  presence  or 
absence  of  any  substance  between  the  fibers  and  enclodng 
them  could  not  be  answered ;  the  whole  gave  the  effect  m 
aggregate  polarization.  The  above  statement  is  true  for  the 
greater  portion  of  each  of  the  slides — the  result  thus  far  was 
aegative. 

Occasional  irregularities,  however,  in  the  usually  parallel 
fibrous  structure,  which  may  not  inaptly  be  compared  in  appear- 
ance to  the  grain  of  wood-fiber  in  the  neighborhood  of  a  knot, 
as  seen  in  a  smooth  board,  gave  better  results.  The  fibers  in 
snch  cases  are  much  curved  and  irregular  in  outline,  and  so 
separated  from  one  another  that  tliev  are  seen  to  be  merelj 
enclosures  in  a  surrounding  matrix.  In  other  cases,  this  encloe- 
ing  material  forms  open  spots,  where  the  structure  (in  polarized 
lignt)  is  found  to  be  that  of  ordinary  albite,  and  into  this  the 
needle-like  fibers  of  the  other  mineral  project  (this  is  illustrated 
"ig.  15,  a  =  albite).     Still  again,  on  the  edges  of  the  seotiom 


where  a  degree  of  thinness  impossible  for  the  whole  slide 
sometimes  attained,  a  similar  satisfactory  result  is  reached.  The 
fibers  in  such  cases  are  distinctly  seen,  independently  of  each 
other  and  of  the  enclosing  albite.  They  are  generally  nearly 
straight  and  parallel,  but  not  infrequently  the  shape  is  more  or 
less  irregular ;  branching  forms  recalling  some  kind  of  corallioe 


'I 
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e  are  common.  The  latter  forma  are  shown  id  fig.  16 ; 
-s  here  are  much  more  irr^ulsr  and  coarser  than  is  gen 
ue.  (Compare  also  fig.  is!)  The  fibers  are  apparently 
.  but  the  outhnes  are  usually  indistinct,  and  the  form 
aade  out  only  by  repeatedly  changing  the  focus  of  the 
>pe.  The  explanation  of  all  these  irregularities  in  out- 
iren  by  the  result  obtained  on  examining  the  sections 
isverse  to  the  fibers.    Several  additional  facts  were 

out  in  the  study  of  the  sections  now  described.  It  was 
lat,  when  examined  between  crossed  Nicols,  the  extinc- 
the  light  took  place  parallel  to  the  length  of  the  fibers ; 
;r,  the  fibers  have  not  infrequently  a  transverse  fracture, 
7  indicating  cleavage.  The  form  of  the  terminations  of 
lies  could  not  be  certainly  observed.  In  cases  like 
[>ove  described  (fig.  15),  the  extremities  seem  to  be 
itire,  but  no  absolute  assertion  can  be  made  in  regard 
In  many  cases,  probably  the  majority,  they  taper  out 
.y  to  a  fine  point,  while  in  others  they  seem  to  be  ter- 

by  a  low  pyramid. 

xamination  of  the  other  set  of  sections,  cut  across  the 
'as  even  more  satisfactory  and  conclusive.  The  appear- 
polarized  light,  as  the  plate  is  revolved  on  the  stage  of 
"oscope,  is  at  once  striking  and  beautiful.  The  section 
)le  is  divided  into  irr^ular  patches  (albite),  changing 
rk  to  light  and  the  reverse  with  the  revolution,  giving 
le  a  strangely   mottled   look.     Distributed  closely  and 


ly  through  this  matrix  are  seen  also  minute  areas  of  an- 
bstance,  sometimes  curved  but  generally  bent  at  an  angle 
r  120° ;  they  are  unchanged  by  the  revolution  between 
sed  Nicols.  The  effect  will  be  best  appreciated  from 
mpanying  sketches  (figa.  17,  18).  When  a  high  power 
>yed  (say  fiOO  diam.)  and  the  attention  is  confined  to  a 
■rtion  at  once,  it  is  seen  that  these  narrow  bands,  which 
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in  a  cursory  glance  under  a  low  power  seem  to  be  (}uite  irreg- 
ular in  form,  are,  on  the  contrary,  approximately  m  parallel 
position.  The  solid  portions  are  triangular  or  hexagonal  in 
outline,  and  the  bands  are  bent  at  angles  of  60°  and  120**, 
sometimes  so  as  to  form  complete  rings ; — they  are  all  more  or . 
less  rounded.  In  short,  the  structure  is  that  of  the  most  regu- 
lar pegmatite  or  "  graphic  granite,"  and  the  explanation  is  the 
same.  These  regular  forms,  like  those  of  the  quartz  in  the 
feldspar  in  the  other  case,  are  due  to  the  restricted  crystalliisft. 
tion  m  the  albite  of  the  new  mineral  in  question.  They  mark 
the  mineral  as  belonging  to  the  hexagonal  system,  and  the 
result  of  the  optical  examination  both  parallel  and  transvene 
to  the  fibers  confirms  this  conclusion. 

Taking  the  section  as  a  whole,  there  are  portions  in  which 
the  directions  of  the  new  mineral  are  quite  irregular,  but  for  the 
greater  part  there  is  an  obvious  tendency  toward  r^ularity, 
sometimes  leading  to  most  perfect  forms.  As  would  be  ex- 
pected, the  axial  directions  (60°)  change  at  small  distances,  so 
that  a  given  set  of  directions  belongs  only  to  a  limited  area; 
this  is  obviously  determined  by  the  enclosing  albite. 

We  are  now  able  to  connect  the  results  of  the  microscopic 
examination  with  those  of  the  earlier  chemical  investigation. 
The  enclosing  material  in  which  the  fibers  lie  is  the  alhik; 
this  is  proved  indeed  by  what  has  been  stated,  and  moreover 
by  the  fact  that  it,  whenever  distinctly  separate,  has  the  same 
structure  as  in  undoubted  cases  of  the  same  pseudomorphous 
material ;  it  is  also  shown  by  the  examination  of  the  insoluble 
portion  alluded  to  before,  for  in  this  the  fibers  have  been 
removed  and  the  matrix  left  unattacked.  The  enclosed  mine- 
ral is  that  which  with  the  albite  makes  up  the  j9  spodumenei 
having  the  composition  Li,Al,Si,0,. 

In  view  of  the  fact  that  this  lithia^bearing  mineral  is  thor- 
oughly defined,  as  well  crystallographically  as  chemically,  and 
considering,  moreover,  the  important  part  it  plays  in  the  his- 
tory of  the  spodumene,  we  feel  obliged  to  give  it  a  distinctive 
name.     We  call  it  eucryptite,  from  e5  well,  ana  xpwtvd^  concealed. 

EucRYPTiTE  crystallizes  in  the  hexagonal  system,  with  proba- 
bly basal  cleavage.  Its  specific  gravity,  calculated  from  that 
of  ^  spodumene,  2*647  and  that  of  the  pseudomorphoug 
albite  2'637,  is  2*667.  It  gelatinizes  with  hydrochloric  acid 
and  fuses  easily.  It  is  a  unisilicate,  and  its  chemical  compo- 
sition is  expressed  by  the  formula  Li,Al,Si,0,=silica  47*51, 
alumina  40*61,  lithia  11*88=100*00.  Its  mineralogical  relations 
are  not  very  certain ;  still,  in  form,  and  essentially  in  com- 
position, it  is  analogous  to  nephelite.  It  also  might  be  viewed 
as  a  lithia-anorthite,  it  having  the  same  ratio  as  anorthite; 
though    it    is   different  crystallographically.      On   the  other 
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eind,  the  faot  that  it  changes  so  readily  into  muscovite,  and 
as  the  same  ratio  as  the  normal  varieties  of  that  species, 
light  seem  to  place  it  near  it;  but  it  certainly  has  no  mica- 
sous  structure.  The  true  lithia  mica  (lepidolite)  has  a  very 
ifferent  composition. 

2.     CymcUolUe, 

The  name  cymatolite  was  given  in  1867  by  Prof.  Shepard  to 

mineral  found  at  Goshen  and  Norwich,  Mass.,  a  result  of 
iie  decomposition  of  spodumena  The  analysis  given  by  him 
3ft  the  composition  of  the  supposed  new  mmerai  in  Question, 
nd  this  doubt  was  not  removed  by  a  subsequent  analysis  by 
f  r.  B.  S.  Burton.  Mr.  Julien  gives  in  his  paper  several  anal- 
ses  of  cymatolite  which  agree  well  together  and  which  corre- 
pond  to  a  simple  chemical  formula.  In  our  earlier  investiga- 
lons  we  assumed  it  to  be  an  established  point  that  the  species 
ras  a  good  one  and  had  a  definite  composition.  This  assump- 
ion  was  confirmed  by  two  closely  agreeing  analyses  (given  be- 
3w)  made  upon  the  Branchville  matenal.  Further  study, 
owever,  which  was  made  necessary  by  the  results  reached  in 
be  case  of  fi  spodumene — for  the  cymatolite  is  directly  derived 
rom  the  fi  spodulnene — has  convmced  us  that  the  supposed 
pecies  is  only  a  remarkablv  uniform  and  intimate  mechanical 
lixture  of  muscoviie  and  afbite.  We  shall,  however,  through- 
ut  this  paper  retain  the  name  cymatolite  as  a  convenient  way 
{  designating  this  interesting  compound  substance,  and  shall 
leacribe  it  first  as  if  it  were  a  true  species. 

•The  physical  characters  of  the  cymatolite  of  Branchville 
re  as  follows : — ^It  has  a  distinct  fibrous  structure,  sometimes 
trai^ht  but  more  generally  wavy.  It  is  also  at  times  con- 
isedly  fibrous  and  again  scaly.  The  specific  gravity  =  2*692- 
•699.  The  color  is  generally  white,  out  it  is  often  slightly 
iscolored  and  occasionally  it  has  a  faint  pink  hue. 

As  has  been  stated  on  p.  258,  the  crystals  of  spodumene, 
'hich  have  been  altered  to  cymatolite,  are  numerous  and  often 
ery  large.  The  way  in  which  the  fibrous  structure  is  devel- 
p€»  is  seen  in  fig.  2,  which  is  a  section  across  the  prism.  It 
I  usually  true,  as  seen  here,  that  the  direction  of  the  fibers  at 
be  edge  is  at  right  angles  to  the  bounding  surface.  In  the 
iterior  the  structure  is  more  irregular  and  tne  fibers  interlace 
a  an  intricate  manner,  giving  sometimes  a  feather-like  appear- 
nce.  Usually  all  trace  of  the  original  prismatic  structure  and 
ileavage  of  the  spodumene  has  disappeared.  In  rare  cases, 
lowever,  in  the  interior  of  a  crystal  this  longitudinal  structure 
s  still  apparent,  although  the  direction  of  the  fibers  remains 
transverse.  (Compare  also  other  figures  in  the  Plate,  in  which 
c  =  cymatolite.) 
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Two  analyses  of  cymatolite  have  been  made  by  Mr.  Penfield. 
Number  1  was  made  from  a  portion  of  an  entirely  altered 
crystal ;  it  was  perfectly  white  and  apparently  free  from  any 
impurities.     The  results  are  as  follows  : — 


No.  1,  o.— aew. 

I. 

II. 

III. 

Mean. 

RaUo. 

SiO, 

59-38 





59-38 

•989     4 

A1,0, 

26-67 

■•  a  M  « 

•     •WW 

26-67 

-259      1-05 

CaO 

0-62 



M      M      V      «• 

0-62 

•01  r 

Na,0 

VMM* 

7-66 

7-70 

7-68 

•124 

•283     113 

K,0 

»  »  «  • 

3-53 

3-49 

3-51 

•037   ' 

H,0 

2-01 





2-01 

•lllj 

99-87 

The  second  analysis  was  made  on  the  pure  mineral  associated 
on  the  same  crystal,  which  afforded  sample  2  of  ^  spodumene. 
The  results  afforded  are,  as  follows : — 


No.2,  G.^-e09. 

I. 

II. 

Mean. 

Batto. 

SiO, 

60-61 

60-49 

60-55 

1009 

4 

A1,0, 

26-37 

26-39 

26-38 

•256 

1-016 

MnO 

0-08 

006 

0-07 

Na,0 

8-08 

8-16 

8-12 

•131' 

K,0 

3-33 

3-35 

3-34 

•035 

-263 

1-044 

Li,0 

0-17 

017 

0-17 

-006 

11,0 

1-65 

1-66 

1-66 

•091 

100-29     100-28     100-28 

The  agreement  between  these  two  analyses  is  as  close  as 
could  be  expected ;  the  ratio  obtained  from  No.  2  is  nearly 

R,0 :  A1,0, :  SiO,  =  1:1:4. 

This  is  the  same  ratio  as  that  obtained  for  spodumene  and  ^ 
spodumene.     The  formula  is  therefore 

(Nft,  K,  H),Al,Si40„=(K,  H),Al,Si,0,  +  Na,Al,Si.O,a 

Since  the  cymatolite  is  certainly  derived  from  the  ^  spodu- 
mene, while  the  latter  substance  has  been  proved  to  be  a  mix- 
ture of  albite  and  what — as  was  shown — has  the  compositioQ 
of  a  lithia  muscovite,  the  fact  that  the  formula  of  cymatolite  can 
be  written  as  a  compound  of  one  molecule  muscovite  and  one 
molecule  albiie  is  significant.  Were  no  other  facts  at  hand  the 
conclusion  that  cymatolite  also  must  be  a  mechanical  mixture 
could  hardly  be  questioned.  The  facts,  however,  are  in  them- 
selves sufficient  to  prove  this,  independent  of  any  other  consid- 
erations. It  may  be  mentioned  that  the  chemical  method  of 
attacking  the  problem,  employed  in  the  case  of  the  fi  spodu- 
mene, is  not  here  applicable,  since  the  muscovite  is  not  decom- 
posed by  hydrochloric  acid.  A  preliminary  examination  was 
made  with  sulphuric  acid,  which  resulted  in  showing  that  the 
cymatolite  was  attacked  by  it,  as  was  the  mica  of  the  locality, 
while  the  albite  was  barely  so.  This  method  was,  however, 
not  carried  further,  for  the  microscope  gave  all  the  solution 
that  could  be  desired. 
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A  considerable  number  of  sections  of  cymatolite,  both  in  its 
irest  normal  varieties,  and  in  its  transition  forms  from  ^  spod- 
nene  on  the  one  hand  and  to  albite  on  the  other,  were  exam- 
ed.  The  result  not  only  proved  the  fact  of  the  mixture  of 
uscovite  and  albite,  but  also  gave  the  explanation  for  the 
imarkable  uniformity  of  the  analyses,  for  in  most  cases  the 
ixture  is  in  the  highest  degree  intimate.  A  section  of  cyma* 
Jite  like  that  represented  in  fig.  \c  (Plate),  when  examined  in 
^larizsed  light,  is  found  to  consist  of  long,  slender,  somewhat 
irved  fibers,  giving  very  brilliant  colors  and  showing  the 
laracteristic  structure  of  mica,  and  between  them  grayish 
anions  of  albite.  In  some  cases  the  fibers  of  mica  are  so 
ose  together  that  the  albite  is  invisible,  but  in  others  they 
>read  out  divergent  and  then  the  background  of  the  other 
lineral  is  clearly  seen.  Still  again,  the  mica  needles  are  few 
id  run  out  in  brilliant  lines  over  a  broad  surface  of  albite. 

The  sections  increase  in  beauty  with  the  irregularity  of  the 
;ructure  of  the  cymatolite.  For  example,  two  sections  were 
lade  from  the  crystal  represented  in  tig.  2  (Plate).  One  of 
lese  was,  like  the  figure,  transverse,  and  the  other  was  vertical, 
nd  showed  something  of  the  prismatic  structure  of  the  original 
podumena  All  the  details  of  the  structure  came  out  most 
learly  in  the  sections  in  polarized  light  The  feather-like 
tructure  was  particularly  distinct  and  beautiful:  a  deeply 
olored  rib  of  mica,  and  from  this  diverging  regularly  on  botn 
ides  the  narrow  fibers  of  the  same  mineral,  the  albite  between 
bem  becoming  more  and  more  distinct  as  their  distance 
part  increased.  Other  sections  were  examined  of  the  scaly 
arieties  of  cymatolite,  where  the  mica  scales  were  parallel 
3  the  surface.  In  these  the  albite  had  the  mottled  appear- 
nce  in  polarized  light,  mentioned  under  ^  spodumene,  and 
tie  mica  was  scattered  very  uniformly  as  brilliantly  colored 
sales  through  it  Other  sections  transverse  to  the  fibers,  in 
be  distinctly  fibrous  kinds,  gave  somewhat  different  effects. 
Cany  details  could  be  added,  but  enough  has  been  said  to 
lake  the  character  of  the  observations  apparent  on  which  the 
tatement  as  to  the  compound  nature  of  cymatolite  is  based. 
?he  mica  and  albite  are  always  distinct  from  one  another.  In 
ome  cases  they  both  appear  in  larger  masses  having  segrega- 
ed  together  in  the  process  of  alteration.  More  is  said  about 
his  later. 

The  only  foreign  mineral  observed  in  the  slides  was  one 
rhich  occurs  in  hexagonal  prisms,  and  can  hardly  be  anything 
)ut  apatite^  as  it  agrees  optically  and  crystallographically  witli 
ibat  species.  It  is  seen  scattered  through  the  cymatolite  some- 
Umes  rather  abundantly,  occasionally  also  in  the  /9  spodumene, 
it  is,  however,  not  for  a  moment  to  be  confounded  with  eucryp- 
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tite.    The  presence  of  apatite  would  explain  the  lime  foand  in 
analysis  1  of  cymatolite. 

Certain  of  the  sections  which  show  the  transitioa  from  ^ 
spodumene  to  cymatolite  are  most  interesting  and  instructive. 
While  in  much  of  the  cymatolite  there  seems  to  hare  been  a 
tendency  to  the  partial  separation  of  the  mica  and  albite,  ihen 
are  other  specimens  in  which  the  two  are  as  intimately  mixed 
as  the  encryptite  and  albite  in  the  B  spodumene.  In  cases  like 
those  last  named,  the  stmctare  of  the  cymatolite  is  exactly  that 
of  the  fi  spodumene,  only  that  the  rounded  fibers  of  euciyptite 
have  been  replaced  by  the  thin  elongated  scales  of  mica,  prov- 
ing  that  the  one  has  been  formed  from  the  other.  In  still 
o^er  cases  we  may  pass  on  the  same  slide  from  normal  cynu- 
tolite  on  the  one  side  to  normal  ^  spodumene  on  the  other. 
Between  them  is  a  zone  where  the  two  substances  shade  off  in- 
to one  another,  in  other  words  where  the  chanf^e  of  the  eucryp- 
tite  is  only  partial.  This  will  be  understood  from  fig.  19.  As 
,g  here  seen,  some  of  the  fibers  are 

1  apparently  unchanged,  while  otii- 
era  are  partly  altered,  the  last 
J  containing  many  minute  scales  of 
I  mica,  often  packed  closely  togeth- 
I  er.  These  small  scales  are  irreg- 
>  ularly  situated,  oflen  across  the 
original  fiber  of  encryptite:  the 
direction  can  always  be  obeerred 
i{  both  by  the  cleavage  line  and  too 
I  by  the  direction  of  the  extinction 
!  of  the  light  between  crossed  Nic- 
,  ols.  Where  the  process  has  been 
completed,  however,  the  scale  d. 
mica  is  generally  parallel  to  the  nneof  the  original  eucryptite 
The  eucryptite  fibers  along  this  intermediate  zone,  even  when 
mica  scales  are  not  visible,  have  generally  lost  their  smoothnen 
of  outline,  and  sometimes  have  separated  into  lines  of  minnte, 
irregular,  transparent  granules. 

The  transition  of  B  spodumene  into  cymatolite  can  also  often 
be  seen  by  the  unaided  eye,  along  the  line  of  contact     In  sacii  : 
cases  the  silvery  lines  of  mica,  though  the  scales  are  too  minute 
to  be  distinguished,  can  be  seen  shooting  up  into  the  oompaot 
j9  spodumene. 

3.  AUnte. 
The  albite,  which  occurs  pseudomorphons  after  spodumene, 
appears  in  several  rather  distinct  varieties.  It  is  sometimes 
finely  granular,  showing  no  crystalline  structure.  Again  it  hast 
fibrous  structure,  similar  to  that  of  ^  spodumene  and  cyma- 
tolite, the  fibers  transverse  to  the  prism.     Still  again  it  is 
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found  forming  parts  of  altered  crystals,  in  which  it  has  the 
curved  and  wavy  laminated  structure  which  is  characteristic 
of  the  mineral  that  makes  up  so  large  a  part  of  the  vein ;  it 
also  a[q>ears  as  rosettes  implanted  on  the  surfaces  of  many 
crystals,  evidently  owing  its  origin  in  such  cases  to  the  alteration. 
An  analysis  of  the  fibrous  variety  of  the  species  afforded  Mr. 
Penfield  the  following  results : — 

G.^Sftr.             I.  U.  Meftn.                                   RaUo. 

8i0,  61-61  6T-69  67*60                        1127           6- 

A1,0,  20-07  2011  20-09                        1-195          103 

ICgO                  16  -14  15  004 


[■' 


Na,0  11-71  11-66  11-69  188}.  193  102 

K,0  -11  -11  .11  001 

Ig^tion  -14     .  -14  -14 

99-80  99-75  9978 

This  analysis  corresponds  closely  to  the  formula  Na,Al,SieO,e, 
or  that  of  albite. 

The  occurrence  of  albite  pseudomorphs  after  spodumene  is 
mentioned  by  Mr.  Julien,  but  among  the  Massachusetts  speci- 
mens they  seem  to  play  a  comparatively  unimportant  part 
Mr.  Julien  speaks  of  the  albite  as  mixed  with  a  little  muscovite 
and  quartz,  and  states  that  these  pseudomorphs  are  **  a  mere 
variety"  of  the  coarse  agglomerates  of  quartz,  feldspar  and 
mica,  which  he  calls  pseudomorphs  of  vein  granite. 

At  the  Branchville  .locality  the  albite  as  an  independent 
mineral  occupies  a  more  common  and  perhaps  more  interesting 
place  among  the  products  of  the  alteration  of  the  original 
spodumene. 

The  fibrous  albite,  of  which  the  above  analysis  was  made, 
formed  the  whole  of  a  perfectly  distinct  crystal.  A  section 
was  made  of  it  and  examined  microscopically.  It  was  found 
to  be  essentially  pure,  with  only  traces  of  mica  (note  the  potash 
in  the  analysis).  The  structure  was  rather  indistinctly  fibrous 
and  it  was  most  interesting  to  note  that  its  appearance  was 
very  closely  that  of  the  albite  with  the  mica  in  cymatolite,  as 
too  with  eucryptite  in  j9  spodumene.  A  number  of  the  groups 
of  fibers  were  found  to  consist  of  two  parts  optically,  and  the 
angle  between  the  Extinction  of  the  light  for  them  was  from 
10°~11^  As  this  is  the  angle  for  albite  twins  examined  parallel 
to  the  basal  plane,  the  agreement  can  hardly  be  accidental,  and 
is  a  point  of  some  interest. 

A  number  of  other  sections  of  what  we  have  called  albite 
were  also  examined.  The  result  proves  that  pure  albite  is 
rather  rare,  and  that  most  of  the  granular  albite  in  the  crystals 
contains  a  considerable  quantity  of  mica,  and  hence  verges 
toward  cymatolite.  This  qualification  is  to  be  remembered  in 
examining  the  plate.  In  many  cases  the  albite  is  found  to  be 
in  broad  plates  characteristically  twinned,  and  with  them  are 
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found  scales  of  mica,  large  loo  as  oompared  with  those  io  nor- 
mal cymatolite, 

4.  Muscovite. 

As  a  distinct  mineral,  independent  of  its  usual  associate  the 
•  albite,  the  potash-mica,  muscovite,  plays  an  animjwrtant  part 
among  the  spodumene  pseudomorpns  at  Branchville.  Itoe- 
curs  very  commonly  in  thin  scales  coating  fracture-surfaces  in 
the  interior  of  the  altered  crystals.  It  is  also  found  in  small 
segregated  masses,  or  as  scattered  platee  imbedded  in  the  maas 
of  the  crystal  itself.  It  occurs  in  this  way  more  particuUrly 
in  the  complex  pseudomorpha  where  the  feldspars  (albite  and 
microcline)  are  also  present  in  distinct  masses.  Ita  presenoe 
is  indicated  in  figs.  6  and  8  (Plate,  </=  mica).  This  mica  is 
commonly  of  a  light  greenish-yellow  color  and  has  a  greasy 
luster ;  in  some  cases  though  more  rarely  it  is  pink  in  color, 
but  is  not  a  lithia-mica.  It  was  not  found  possible  to  obtain 
enough  pure  material  for  an  analysis. 

The  occurrence  of  the  mica  with  the  albite,  forming  the 
cymatolite,  has  already  been  described  under  that  head.  The 
analyses  of  the  cymatolite  show  that  the  mica  has  the  formnli 
of  normal  muscovite,  viz:  (K,  H),AI,Si,0,.  Taking  the  ratio 
of  K,0  :H,0  =  1  :8,  corresponding  approximately  to  analysis  2,  , 
the  calculated  composition  of  this  muscovite  is: — 


100-00 

The  complex  nature  of  cymatolite  having  once  been  estab- 
lished, it  is  easy  to  find  many  specimens  in   which  the  mica 
and  albite  are  so  distinct  that  their  inde- 
pendent existence  can  be  proved  by  the 
unaided   eye.      The   occurrence  of  albite 
containing   small   quantities   of   mica  hu 
"A  been  mentioned.    Conversely,  we  find  spec- 
,  t\,  .,  ,  .„.ji,'j  imens  in  which  the  mica  is  more  or  less 
h'"'\V>'  \]yi']w''WM'^  completely  separated  from  the  albite.     Fig. 
I'if     1    f     1  7^1  '^^  shows  a  part  of  a  section  across  a  crys- 
'     I         I  )     )   l!   tal,  with  the  nucleus  of  spodumene  («),  then 
'    i r)    W  //  ^  spodumene  (^),  next  cymatolite  (cj  grad- 
^._,.-J,  vL"^  'TV  I  mating  into  pure  and  soft  silvery  mica(;), 


Xv?-'?t%'?'v ^t'Y''-.\  '^°<i  finally  a  coating  of  albite  (a).     Such  a 
case  shows  the  extent  to  which  the  s^re- 
gation  of  the  constituents  of  the  cymatolite  can  go  on. 

In  the  Massachusetts  specimens,  the  mica,  as  an  independent 
mineriil,  is,  according  to  Mr.  Julien,  much  more  abundant 
We  quote,  on  a  following  page,  a  remark  of  his  on  this  poinL 
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5.  Microdine. 

A  second  potash  mineral,  arising  from  the  alteration  of  the 
jpodumene,  is  a  potash  feldspar  having  the  composition  and 
)ptical  character  of  microcline.  This  is  a  much  rarer  occurrence 
rhan  that  of  the  albite  pseudomorphs.  The  microcline,  where 
t  occurs  alone,  which  is  seldom,  has  a  fine  granular  structure, 
showing  no  cleavage  whatever.  The  color  is  yellow,  and  under 
ihe  microscope  it  is  resolved  into  independent  grains  having 
,he  characteristic  appearance  of  microcline  in  polarized  light. 
[n  the  best  specimen  observed,  the  crystalline  planes,  both 
Drismatic  and  terminal,  are  perfectly  distinct,  but  nothing  was 
left  of  the  original  mineral.  This  pseudomorph  consisted,  for 
the  most  part,  of  the  potash  feldspar,«but  a  small  portion  of 
one  side  was  soda  feldspar  (or  albite).  The  relation  of  these 
two  minerals  is  shown  m  fig.  10,  a  case  in  which  the  albite  is 
present  in  much  larger  quantities  than  in  that  described,  it  mak- 
ingup  about  half  the  crystal. 

The  composition  of  the  yellow  granular  feldspar  is  shown 
by  the  following  analysis  by  Mr.  Penfield  : — 

G.— 2-518.  I.  II.  Mean.  BaUo. 

SiO,  64-56  64-56  1076     6- 

AUO,  19-70  19-70  -191     107 

KaO  15-66         15-59  15-62  166)    .,,«       .qv. 

Na,0  0-53  0-64  058  010)     ^^^        ^^ 

Ignition  012  012  012 


100-57 


It  will  be  seen  that  the  above  analysis  corresponds  very  closely 
with  the  normal  composition  of  microcline,  K,Al,Si,Oi,. 

Figures  8  and  4  show  further  the  manner  in  which  the 
potash  feldspar  is  contained  in  the  interior  of  the  soda  feld- 
spar, both  forming  part  of  perfectly  distinct  pseudomorphous 
crystals  of  spodumene.     In  addition  to  this  method  of  occur- 
rence, the  microcline  is  also  observed  in  broad  cleavage  plates 
forming  sometimes  almost  entire  crystals  of  the  original  mineral. 
Here,  too,  it  is  commonly  associated  with  albite,  as  shown  in 
fgs.  11  and  13.     One  most  interesting  and  significant  fact  in 
connection  with  this  is  that  the  separate  fragments  of  micro- 
cline  scattered   through  a  single  crystal  at  diflFerent  points, 
thoogb  sometimes  several  inches  apart,  are  uniformly  in  par- 
allel position.     The  angles  of  the  cleavages  of  the  microcline 
differ  in  different  specimens,  so  that  their  position  seems  to 
have  no  definite  relation  to  the  axes  of  the  spodumene  crystals. 
It  is  worth  while  to  call  attention  here  to  the  fact  that  the 
potash  feldspar,  microcline,  occurs  in  very  large  quantities  at 
this  locality.    Several  hundreds  of  tons  have  already  been  taken 
out  by  the  Messrs.  Smith  for  use  in  making  porcelain.     The 
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feldspar  is  obtained  in  cleavage  masses  as  large  as  can  be  han- 
dled, and  nearly  pure;  a  single  continuous  cleavage  surfiice 
ten  feet  long  has  been  observed  in  the  ledge. 

6.  KiUinite. 

Killinite  is  a  hydrous  silicate  of  aluminum  and  potassium 
ordinarily  included  among  the  pinite  group  of  mineral&  It 
was  first  described  from  Elilliney  Bay,  Ireland,  and  a  series 
of  tinalyses  is  published  in  the  Mineralogy  of  Oreg  and  Lettsom. 
It  was  described  as  occurring  in  granite  associated  with  spoda- 
mene,  and  has  its  cleavage.  The  same  mineral  is  described 
by  Mr.  Julien  as  occurring  at  Chesterfield,  Mass.  Our  results, 
which  we  give  here,  are  for  the  most  part  identical  with  bis. 

The  killinite  from  Branchville  is  sometimes  compact  and 
structureless,  but  more  generally  it  has  an  indistinct  fibrous 
structui^  parallel  to  the  prism  of  the  original  mineral.  Many 
specimens  show  distinctly  the  cleavages  of  the  original  spodu* 
mene.  The  color  ranges  through  various  shades  of  green,  from 
light  bluish-green  to  oil-green  and  dark  grass-green. 

Two  analyses,  on  independent  material,  have  been  made  for 
us ;  the  first,  number  1,  is  by  Mr.  S.  L.  Penfield,  of  the  pris- 
matic variety ;  and  the  other,  number  2,  is  by  Mr.  F.  P.  Dewey, 
of  the  compact  variety. 

No.l.  No.  a. 

63-47 
32-36 
0-79 
0-42 
0-72 
0-17 
7-68 
0-44 
0-04 
4-07 


8iO, 

48-93 

A1,0, 

34-72 

Fe,0, 

0-64 

FeO 

0-33 

MnO 

0-64 

CaO 



K,0 

9-64 

Na,0 

0-36 

Li,0 

M    M    M    M 

H,0 

604 

100-19  100-16 

The  two  analyses  show  a  rather  wide  variation  in  compostion 
between  the  material  analyzed  in  the  two  cases.  If,  moreover, 
the  analyses  referred  to  above  as  published  by  Greg  and 
Lettsom  be  compared  together,  and  with  that  of  Mr.  Juliea 
from  Chesterfield  Hollow  and  those  here  given,  it  will  be  sew 
that  they  vary  between  quite  wide  limits.  It  cannot  be  doubts], 
however,  that  essentially  the  same  material  was  under  examin- 
ation in  the  several  cases,  and  that  the  difference  noted  is  prob- 
ably due  to  a  want  of  homogeneity. . 

Killinite  gives  water  in  the  closed  tube.  B.  B.  glows  and 
fuses  at  about  5  to  a  white  enamel.  Not  decomposed  bj 
hydrochloric  acid. 

Several  sections  of  killinite  were  examined  in  the  micro- 
scope.    The  parallel  fibrous  structure  is  there  clearly  seen  aod 
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in  addition  there  appear  to  be  scales  inclined  at  equal  angles  in 
opposite  directions  on  either  side  of  each  paraUel  line.  They 
exert  a  considerable  action  on  polarized  liffht  Most  of  the 
specimens  are  of  so  fine  a  texture  as  not  to  allow  of  satisfactory 
lesolution.  One  section,  however,  which  was  somewhat  coarser, 
seems  to  offer  an  explanation.  This  one  appeared  to  consist 
mostly  of  minute  scales  having  all  the  appearance  of  mica. 
These  scales  were  strikingly  similar  to  those  of  unquestioned 
character  formed  from  the  alteration  of  eucryptite  and  illus- 
trated bv  fig.  19.  There  seems  to  be  but  little  doubt  that  this 
is  the  true  resolution  of  the  mineral.  In  addition  to  these 
scales,  there  are  small  portions  which  do  not  polarize  light, 
which  may  be  amorphous  silica,  and  occasional  other  particles 
less  easily  defined. 

The  iaea  of  a  relation,  between  the  minerals  of  the  pinite 
group  and  those  potash  micas  which  yield  water  on  analysis,  is 
not  a  new  one,  but  was  long  since  advanced.  It  is  recognized 
by  Professor  J.  D.  Dana,  in  the  6th  edition  of  his  System  of 
Mineralogy  (1868),  p.  447. 

If  analysis  1  of  kulinite  be  compared  with  the  composition  of 
nmscovite  on  p.  272,  and  also  with  the  analyses  of  muscovite  in 
Dana's  Mineralogy,  6th  edition,  the  correspondence  will  be  at 
ODce  recognized.  The  variation  of  analysis  2  of  killinite 
would  be  explaiued  by  supposing  the  presence  of  several  per 
cent  of  firee  silica ;  the  correspondence  would  then  be  quite 
dose.  Moreover,  the  observations  with  the  microscope  have 
already  independently  led  to  the  suggestion  of  the  probable 
presence  of  amorphous  silica.  In  view  of  the  part  played  by 
mica  in  the  alteration  of  the  spodumene  the  suggestion  here 
made  certainly  seems  plausible,  although  the  want  of  perfect 
homogeneity  in  the  killinite  makes  it  impossible  to  give  it  a 
definite  formula. 

7.  Paeudomorpha  of  Vein^anUe. 

We  employ  the  same  term,  as  Mr.  Julien,  to  describe  certain 
{seadomorphous  crystals  of  spodumene,  which  consist  of  a 
more  or  less  coarse  a^lomeration  of  feldspar  (albite  aud 
aicroGline),  and  mica.  In  such  cases,  which  seem  to  be  rarer 
tl  BranchviUe  than  at  Chester^eld,  the  constituent  minerals 
m  well  developed  and  have  the  same  character  as  in  the  vein 
as  a  whola  The  feldspar,  for  example,  is  not  granular  and 
without  apparent  cleavage,  as  is  generally  true  of  the  special 
cases  before  described,  but  occurs  in  rather  broad  cleavage 
fragments.  The  surfaces  of  these  crystals  are  very  rough, 
often  covered  with  rosettes  of  albite,  and  yet  the  general  form 
cf  the  original  spodumene  can  always  be  distinctly  seen.  It  is 
to  be  noted  that  quartz  is  almost  entirely  absent  in  these  com- 
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plex  pseudomorphs,  in  which  they  differ  essentially  from  the 
Chesterfield  specimens. 

II.    Relation  in  MEraoD  of  occubeenoe  between  the  vabioub  Mnmuu 

PBODUOED    BY    THE    ALTERATION    OF    THE    SPODUICEKB. 

The  individual  characters  of  the  several  minerals  produced 
from  the  change  of  the  spodumene  have  already  been  given, 
and  something  has  been  said  as  to  their  mutual  relations;  it 
seems  best,  however,  to  add  a  few  more  general  remarks  as  to 
their  method  of  occurrence. 

Spodumene  and  ^  Spodumene. — The  way  in  which  these 
two  minerals  occur  together  will  be  better  understood  from 
fig.  6.  As  indicated  in  this  case,  the  alteration  product,  ^ 
spodumene,  forms  a  more  or  less  thick  crust  about  the  original 
mineral,  and  also  penetrates  in  bands  which  follow  the  direc- 
tions of  the  cleavage  surfaces,  and  which  are  sometimes  mere 
lines  and  again  have  considerable  thickness.  It  is  worthy  of 
note,  that  in  all  cases  the  line  of  separation  between  the  two  is 
perfectly  distinct,  and  the  spodumene  so  associated  seldom 
shows  at  most  more  than  a  trace  of  alteration.  The  direction 
of  the  fibers  is,  as  stated,  transverse  to  the  neighboring  surface 
of  spodumene  in  each  case,  though  in  some  cases  it  is  so  com- 
pact as  to  shdw  little  structure. 

In  one  very  interesting  case  the  crystal  consisted  in  part 
of  ^  spodumene  and  in  part  of  the  original  mineral,  but  the 
latter  though  unchanged  in  other  respects  had  already  taken 
the  transverse  structure  of  the  former,  and  the  longitudinal 

Erismatic  structure  was  nearly  obliterated.  This  must  evidently 
e  an  early  step  in  the  process  of  changa 
^  Spodumene  and  Oymatolite. — Many  crystals  and  fragments 
of  crystals  which  do  not  show  a  trace  of  spodumene  exhibit 
these  two  minerals  in  very  distinct  relations.  The  aspect  of 
them  is  such  as  to  leave  no  doubt  that  the  first  passes  gradu- 
ally into  the  other,  the  blades  of  cymatolite  interlacing  with 
the  less  distinct  fibers  of  ^  spodumene  wherever  the  two 
come  in  contact  (see  fig.  16).  The  appearance,  however,  is 
always  that  of  two  distinct  substances,  even  when  the  line  of 
union  is  examined  under  the  microscope.  It  is  consequently 
necessary  to  conclude  that  while  the  alteration  went  on  grad- 
ually there  was  chemically  an  abrupt  change  from  the  one 
substance  to  the  other.  As  already  remarked,  the  analysis  2 
of  ^  spodumene  was  made  of  a  portion,  which,  though  apparently 
pure,  immediately  adjoined  tne  cymatolite,  and  the  result  is 
identical  with  the  others,  where  the  idea  of  a  regular  gradation 
could  not  be  suggested.  Many  of  the  large  crystals  of  cyma- 
tolite, When  examined  carefully,  show  a  trace  of  the  other 
mineral,  and  we  are  forced  to  believe  that  at  least  for  this 
locality  it  always  preceded  it 
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JS^aodumenej  fi  Spodumene  and  CymaU>lite, — It  only  remains  to 
speak  of  the  cases  in  which  all  three  of  the  minerals  named 
occur  together  in  the  same  crystal.  Many  instances  could  be 
given,  but  it  will  be  sufficient  to  describe  a  single  striking 
case.  In  figs,  la,  li,  Ic,  there  are  represented  three  sections 
across  the  same  crystal.  This  crystal  had  a  length  of  15  . 
inches,  a  width  of  4^,  and  was  1  inch  in  thickness;  it  was  well 
terminated  at  one  extremity.  The  sections,  taken  in  order 
from  the  terminated  end  down,  divide  the  crystal  into  three 
approximately  equal  parts.  No.  1  (fig.  la)  shows  the  ^  spod- 
umene (P)  forming  the  mass  of  the  crystal,  with  original  spod- 
umene {s)  as  a  band  on  the  lower  surface,  and  the  cymatolite  (c) 
as  a  thin  coating  more  or  less  continuous  around  the  whole. 
No.  2.  (fig.  lb)  shows  no  spodumene,  but  the  /3  spodumene 
forms  the  greater  part,  though  the  cymatolite  has  increased 
much  beyond  the  first  section.  No.  S  (fig.  Ic)  shows  only  the 
cymatolite. 

Figure  6,  referred  to  above,  shows  all  the  three  minerals, 
though  the  cymatolite  is  only  sparingly  present,  and  that  on 
the  edge&  In  figures  8  and  14  the  spoaumene  forms  a  few 
points  and  small  isolated  portions  havmg  surfaces  parallel  to 
the  cleavaga  It  is  surrounded  by  d  spodumene  and  cyma- 
tolite, the  latter  radiating  out  from  the  centers  of  spodumena 
Crystals,  in  which  only  spodumene  and  cymatolite  are  present, 
are  rara  In  fig.  14  a  single  narrow  band  is  shown  which  is 
still  /9  spodumene,  while  all  the  rest  is  changed  to  cymatolite 
and  albite. 

Albite  and  Oymatoliie, — The  albit^,  as  has  already  been 
remarked,  is  a  common  mineral  among  these  pseudomorphs. 
In  some  cases  it  makes  up  almost  the  entire  crystal,  and  again 
it  is  present  only  in  small  isolated  portions.  The  commonest 
form  is  that  wliich  is  very  finely  granular,  although  the  fibrous 
form  is  not  rara  It  is  to  be  remembered,  however,  that 
between  the  normal  cymatolite  (1  mol.  albite  -f  1  mol.  musco- 
vite)  and  the  pure  albite  on  the  one  hand,  and  the  pure  mus- 
covite  on  the  other,  there  are  many  gradations. 

Figure  3  is  a  vertical  section  of  a  portion  of  a  crystal,  the 
exterior  of  which  is  fibrous  cymatolite  (c),  and  the  interior 
granular  albite  (a)  with  some  bands  of  microcline  (m).  Fig.  7 
is  a  section  across  a  laree  crystal  in  which  the  two  minerals 
are  similarly  disposed.  Fig.  10  shows  the  albite  and  microcline, 
as  also  11  and  IS.  Figs.  6,  8,  12,  14  show  the  way  in  which 
the  granular  albite  is  intermixed  with  the  other  species  which 
have  been  mentioned.  In  still  other  cases,  the  albite  is  in 
broad  curved  plates,  which  would  seem  to  have  nothing  of 
a  pseudomorphous  character  except  that  the  outlines  of  the 
spodumene  crystals,  of  which  they  form  a  greater  or  less  part, 
are  still  distinct. 
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Occurrence  ofKillinite  and  OymcUolite. — In  many  of  the  maasive 
specimens,  the  spodumene  is  changed  in  part  to  killinite  and  in 
part  to  cjmatohte,  the  two  minerals  bein^  intimately  associ- 
ated with  each  other.  This  association  is  illustrated  by  f^g-i^ 
in  which  c  is  the  fibrous  cymatolite  and  k  the  killinita  The 
latter  makes  up  the  mass  of  the  specimen,  and  the  cymatolite, 
with  its  usual  transverse  fibrous  structure,  is  in  tnin  baods 
following  nearly  the  original  cleavage  lines.  . 

It  is  the  confusedly  massive  variety  of  the  spodumene  which 
has  furnished  nearly  all  of  the  killinite.  In  the  distinct  crystals 
it  rarely  appears,  though  here  it  is  sometimes  seen,  as  indicated 
by  fig.  12,  as  a  more  or  less  irregular  surface  covering. 

ni.    GlKSnO  aiLATION   BKTWEBN  THE  OBieDIAL   SPODUiaVB  AHD  TBI  TABOOB 

PBODUOTS  or  ITS  ▲LTBBAnOir. 

The  general  character  of  the  process  of  alteration,  by  which 
the  spodumene  was  changed  into  the  various  products  already 
described,  was,  in  a  word,  as  follows : — it  consisted  essentially 
in  the  substitution  of  sodium  and  potassium  for  the  original 
alkali  lithium.  The  interesting  facts,  that  have  been  detailed, 
in  regard  to  the  compound  nature  of  the  substances  called 
j9  spodumene  and  cymatolite,  taken  in  connection  with  the 
occurrence  of  the  two  feldspars  and  the  muscovite,  make  the 
whole  process  tolerably  clear  and  simple.  The  fact  that  two 
molecules  of  spodumene  would,  with  a  change  in  alkalies, 
yield  one  molecule  of  muscovite  and  one  of  albite,  was  clearly 
brought  out  by  Mr.  Julien;  and  he  uses  it  to  explain  the 
occurrence  of  the  complex  pseudomorphs  consisting  of  distinct 
individuals  of  albite  and  muscovite.  The  study  of  the  speci- 
mens from  Branch  ville  enables  us  to  extend  and  complete  this 
explanation. 

The  relations  of  the  various  minerals  involved  in  the  change 
are  presented  in  the  following  table,  showing  what  may  be 
derived  from  the  spodumene,  assuming  the  change  in  alkaUee 
to  take  place. 

2  rLi,AUSi40i,]  =  rLi,AUSi,0»  +  Na,Al,8i«0i«],  P  Spodumene.  (I) 

Spodumene.  Eucrjptite.  Albite. 

=  [(K,  HH Al,Si,08  +  Na, Al,Si«0i  •],  Oymatolite.       (3) 
MuBcovite.  Albite. 

— /IT  pr\  Ai  fli  n  a.  i  Na,Al,8i«0i.,  Albite.  /,. 

Uu^^tf       «  ^^  K.Al.Si.O..,  Micfodine.    <^> 

The  first  step  in  the  process  of  alteration  was  the  formation 
of  the  /9  spodumene,  by  the  substitution  of  sodium  for  one-half 
the  lithium  and  the  breaking  up  of  the  original  spodumene,  so 
as  to  form  equal  parts  molecularly  of  albite  and  the  new  minenl 
which  we  have  called  eucrypiiie.  The  true  nature  of  this  sec- 
ond  mineral  has  already  been  detailed.     It  would  seem  to  be  s 
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omparatively  unstable  compound,  since  it  changes  so  readily 
0  mascovite. 

The  second  step  in  the  alteration  was  the  formation  of  cjmat- 
>lite  out  of  ^  spodumene ;  this  change  consisting  in  the  substi- 
Qtion  of  potassium  (and  hydrogen)  for  the  remaining  equiv- 
lent  of  lithium  in  eucryptite,  and  the  consequent  formation  of 
Quscovite.  The  result  is  a  compound,  in  equal  molecular 
proportions,  of  muscovite  and  aUnte,  It  is  certainly  most  striking 
hat  this  compound  substance,  as  derived  from  different  local- 
ties,  should  be  of  so  uniform  chemical  character.  The 
txplanation  for  this  is  to  be  found  in  the  nature  of  the  chemical 
)roce8s  by  which  the  alteration  was  brought  about,  the  reaction 
;oing  on  uniformly  through  the  mass,  without,  in  the  majority 
)f  cases,  any  distinct  segregation  of  the  two  constituents  formed. 
The  change  to  ^  spodumene  must  have  been  produced  by  the 
iction  of  a  soda  solution,  and  the  subsequent  change  to  cyma- 
olite  bv  that  of  a  solution  containing  potash. 

We  have  now  to  speak  of  the  pseudomorphs  in  which  the 
esulting  minerals,  mica  and  feldspar,  appear  in  distinct  form, 
ind  not  as  almost  irresolvable  aggregates.  It  was  first  remarked 
Q  regai*d  to  the  cymatolite  that  in  its  usual  varieties  the  mixture 
letween  the  muscovite  and  albite  was  an  extremely  close  and 
iniform  ona  This  is  ordinarily  the  case  with  respect  to  the 
ormal  material,  as  is  exhibited  in  hundreds  of  specimens, 
liere  are  others,  however,  of  which  this  is  not  true,  but  where 
be  silvery  luster  due  to  the  mica  is  more  or  less  absent,  and  the 
iibstance  approximates  in  character  to  pure  albite;  and,  on 
ae  contrary,  there  are  others  where  the  albite  is  nearly  absent 
nd  the  mica  is  nearly  pure  (see  fig.  20).  The  conclusion  to 
rhich  these  facts  have  led  us  is  that  there  are  many  gradual 
ransition  cases  between  the  normal  cymatolite  and  the  pure 
Ibite  and  muscovite,  that  is,  cases,  where  there  has  been  a 
ecided  separation  and  segregation  of  these  two  minerals, 
'hese  cases,  however,  require  no  especial  explanation,  for  that 
be  conditions  should  be  such  as  to  lead  occasionally  to  such 
egregations  was  to  have  been  expected.  It  is  rather  remark- 
ble  that  they  are  comparatively  rare,  and  that  normal  cymat- 
lite  is  the  rule. 

The  scheme,  presented  above,  obviously  requires  that  the 
luscovite  and  albite  should  be  formed  in  equal  parts  molecu- 
xrly,  and  by  weight  in  the  ratio  of  1 :  2  nearly.  The  question 
low  arises,  independently,  as  to  the  almost  entire  absence  of 
aica  not  infrequently  observed  in  connection  with  large  masses 
►f  albite.  It  appears,  to  be  sure,  in  separate  form  as  a  scaly 
overing  of  fracture-surfaces  through  the  altered  crystals,  and 
iccasionally  in  small  segregated  masses,  but  the  amount  so 
observed  is  much*  smaller  than  the  equation  requires. 
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We  are  obliged  to  conclude  that  either  the  muscovite,  if 
formed  at  the  same  time  with  the  albite,  has  entirely  disap- 
peared, or  else  that  the  method  of  formation  of  the  albite  was 
sometimes  different  from  that  previously  explained.  It  can 
hardly  be  questioned  that  in  the  cases  mentioned  it  must  have 
been  formed  independently  of  its  associate,  the  muscovite. 
Where  the  albite  has  a  distinct  fibrous  structure  it  must  have 
been  formed  from  the  P  spodumene  (compare  also  figs.  8  and 
12).  The  albite  was  probably  made  from  tnis  by  the  action  of 
a  solution  of  sodium  silicate  changing  the  remaining  lithium 
of  the  eucryptite  to  sodium  and  introducing  two  molecules  of 
silica.  It  may  also  have  been  formed  immediately  from  the 
spodumene,  as  expressed  in  the  following  equation  : 

LiaAUSiiOia  +  2Si0,  =  Na,AlaSieO,e.  (4) 

Spodumene.  Albite. 

Besides  the  albite  pseudomorphs,  there  are  also  those  con- 
sisting of  the  potash-ieldspar,  microcline,  which  require  ex- 
planation. In  regard  to  them,  as  has  already  been  stated, 
there  are  the  cases  where  the  granular  microcline  is  enclosed 
in  albite,  again  others  where  it  forms  substantially  the  whole 
crystal,  and  still  others  where  it  is  scattered  through  in  lai^ 
cleavage  masses.  Reference  to  formula  (3)  above  shows  that 
the  explanation  given  for  the  albite  and  muscovite  will 
answer  for  the  microcline  and  muscovite,  the  only  difierence 
being  in  the  alkali  exchanged  for  the  lithium.  Generally, 
however,  the  mica  is  absent  and  then  we  must  write,  as  in  the 
case  of  the  albite,  taking  into  account  the  change  of  alkali, 

LiaAlaSiiO,,  +  2Si0,  =  KaAlaSiaO,.  (5) 

Spodumene.  Microcline. 

There  is  no  reason  to  think  that  the  microcline  was  not  formed 
directly  from  the  spodumene  ;  no  trace  of  any  potash  series  to 
correspond  to  the  /J  spodumene  and  cymatolite  was  observed. 

But  little  additional  explanation  is  needed  beyond  what  has 
been  given,  in  the  case  of  the  coarse  complex  pseudomorphs, 
consisting  of  mica  and  the  two  feldspars.  The  methoa  of 
their  formation  is  involved  in  what  has  been  given,  the  only 
essential  difference  being  that  the  conditions  were  such  as  to 
lead  to  the  segregation  and  simultaneous  crystallization  of  the 
resulting  minerals  in  large  masses  instead  of  as  intimate  mix- 
tures. In  connection  with  these  it  is  interesting  to  call  atten- 
tion again  to  the  fact  that  the  masses  of  microcline  in  a  single 
crystal,  though  often  isolated  and  apparently  quite  independent, 
are  yet  in  most  cases  in  parallel  position.  This  is  a  signifi- 
cant fact  in  its  bearing  upon  the  conditions  of  formation. 

These  agglomeration  pseudomorphs  seem  to  be  more  abund- 
ant at  the  Massachusetts  localities,  as  described  by  Mr.  Julien, 

: 
1 
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Lban  with  us.  Moreover,  they  differ  from  those  of  Branchville 
in  that  they  contain  much  more  mica  and  also  quartz,  which 
latter  mineral  with  us  is  practically  absent  Mr.  Julien,  be- 
sides his  general  explanation  of  the  relation  of  the  soda  feld- 
spar and  muscovite  to  the  original  spodumene  (which  as  stated 
aoove  we  have  adopted),  calls  attention  to  the  fact  that  by  an 
exchange  of  alkali  and  the  loss  of  two  molecules  of  sUica, 
spodumene  would  yield  muscovite — that  is 

Li,Al,Si40i,  =  (K,H),Al,Si,0«,  +  2Si0,  (6) 

Spodumene.  Musoovite. 

He  remarks  upon  the  free  qui^rtz  present  in  the  pseudo- 
morphs  as  evidence  that  this  process  actually  went  on. 

It  is  interesting  to  note  m  this  connection  the  following 
statement  made  by  Mr.  Julien,  he  says  :  "  Many  pseudomorphs 
were  found  in  the  Chesterfield  vein  which  consist  in  large  part 
or  entirelv  of  a  greenish-yellow  muscovite  with  peculiar  greasy 
luster.  In  fact  all  stages  of  intermixture  of  cymatolite  were 
observed,  from  the  almost  pure  pseudomorphs  of  the  latter 
mineral  in  which  muscovite  occurred  only  m  minute  or  even 
microscopic  scales  lying  mostly  parallel  to  the  axis  of  the  crys- 
tal— to  others  in  which  the  mica  was  so  abundant  as  to  have 
imparted  a  yellow  or  greenish  color  to  the  mixture,  and  at  last 
to  micaceous  pseudomorphs  perfectly  free  from  cymatolite  re- 
taining the  form  and  superficial  striation  of  the  spodumene 
even  to  its  terminations."  He  also  speaks  of  the  occurrence  of 
laige  quantities  of  quartz  in  the  pseudomorphs. 

In  the  specimens  we  have  studied  the  case  is  reversed,  quartz 
is  nearly  entirely  absent,  mica  occurs  in  separate  form  only 
sparingly,  and  in  the  formation  of  the  two  feldspars  there  has 
often  been  an  assumption  of  silica  from  some  outside  sourca 

Thus  far  we  have  said  nothing  in  regard  to  one  important 
pseudomorphous  mineral — the  killinite.  .  It  seems  impracticable 
to  give  this  a  certain  place  in  such  a  scheme  as  that  given 
above,  for  the  good  reason  that  its  true  composition  is  some- 
what in  doubt  It  is  certainly  a  more  or  less  impure  material, 
having  the  same  want  of  homogeneity  and  definite  composition 
that  is  so  often  observed  among  the  minerals  of  the  pinite 
group.  The  microscopic  structure,  and,  too,  the  results  of  the 
analysis,  seem  to  justify  us  in  the  suggestion  that  it  may  be 
essentially  a  hydrous  potash  mica,  not  very  unlike  that  in  the 
cymatolite.  Iii  this  case  its  presence  is  not  strange,  for  the 
distinction  between  it  and  the  other  would  be  more  in  its  state 
of  aggregation  than  in  composition.  The  chemical  process 
which  led  to  the  formation  of  the  killinite  is  in  any  case 
clear,  for  the  change  consisted  essentially  in  the  introduction 
of  potassium  and  hydrogen  in  place  of  lithium,  with  the  loss 
of  silica.     It  may  consequently  be  expressed  by  equation  (6), 
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given  above,  and  the  silica  thus  set  free  may  have  played  a 
part  (see  equation  4)  in  the  formation  of  albita  It  is  interest- 
mg  to  note  that  the  killinite  was  probably  always  formed  im- 
mediately from  the  original  spodumene,  since  it  so  commonly 
shows  its  cleavagea 

General  Summary, — The  remarks  in  the  preceding  para- 
graphs may  be  summed  up  as  follows: — The  spodumene  was 
subjected  to  the  action  of  solutions  containing  respectively 
soda  and  potash.  The  first  action  of  the  soda  solution,  by  the 
partial  exchange  of  alkali,  resulted  in  the  formation,  from  the 
spodumene,  of  an  apparently  homogeneous  but  really  complex 
substance,  consisting  of  equal  parts  molecularly  of  albite  and 
a  new  lithia  silicate  (eucryptite.)  A  further  action  of  the  soda 
solution  (sodium  silicate),  by  the  complete  change  of  alkali  and 
the  accompanying  assumption  of  silica,  led  in  some  cases  to  the 
formation  of  albite.  On  the  other  hand,  the  action  of  the  pot- 
ash more  frequently  changed  the  lithia  silicate,  above  named, 
into  normal  muscovite,  so  that  another  apparently  homogene- 
ous but  really  complex  substance  resulted,  cymatolite,  consist- 
ing of  muscovite  and  albite  in  equal  molecular  proportions ; 
again,  the  segregation  of  these  two  minerals  produced,  in  place 
01  normal  cymatolite,  a  mixture  of  separate  masses  of  albite 
and  mica.  Still  further  the  action  of  the  potash,  by  an  exchange 
of  alkali  and  simultaneous  assumption  of  silica,  led  to  the  for- 
mation of  potash-feldspar  or  microcline.  In  some  cases  the 
result  was  a  coarse  mixture  of  the  mica  and  the  two  feldspars. 
Finally,  the  action  of  the  potash  solution,  and  the  simultaneous 
loss  of  silica,  led  to  the  formation  from  the  original  spodumene 
of  a  mineral  very  closely  related  to  mica,  namely,  killinite. 

Two  questions  arise  here,  to  neither  of  which  we  can  give  a 
very  satisfactory  answer.  The  first  is  as  to  the  source  of  the 
soda  and  potash  involved  in  the  changes  that  have  been  de- 
scribed— to  this  nothing  more  can  be  said  than  that  they  were 
probably  furnished  by  the  previous  decomposition  of  feloBpars, 
though  under  just  what  conditions  we  are  unable  to  say. 

The  other  question  is  as  to  the  final  disposition  of  the  lithia 
removed  from  the  spodumene — this  seems  to  have  disappeared 
entirely,  unless  the  fact  that  some  of  the  biotite  in  the  vein  now 
carries  lithia  may  account  for  some  of  it.  In  this  connection  it 
should  be  stated  that  the  manganese  triphylite — lithiophilite— 
is  certainly  an  original  mineral  of  the  vein,  and  occurs  rather 
abundantly  with  the  massive  spodumene.  Its  decomposition 
has  also  lea  to  an  increase  of  this  supply  of  lithia.  Furthermore, 
it  is  more  than  possible  that  the  formation  of  the  remarkable 
series  of  phosphates  of  manganese,  described  by  us  from  this 
locality,  was  connected  with  the  extensive  changes  in  the 
spodumene.     The  fact  that  two  of  the  phosphates  are  almost 
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ae  among  that  group  of  minerals  in  containing  alkalies, 
Analyses  of  dickinsonite  and  fillowite  in  our  earlier  papers) 
Id  almost  prove  this.  The  lithiophilite  may  be  then  the 
nal  phosphate  of  manganese  from  which  the  others  have 
.  derived.  We  shall  return  to  this  last  subject  at  some 
re  time. 

few  additional  remarks  remain  to  be  made.  The  cymato- 
bas  been  subjected  to  further  change  beyond  that  already 
ribed.  The  result  is  to  lead  to  tne  formation  of  a  soft 
y  white  mineral,  filled  with  scales  of  mica,  and  obviouslv 
npure  kaolin.  This  is  not  at  all  a  surprising  result ;  for  it 
lown  that  kaolin  is  formed  from  the  soda-feldspar  as  well 
le  potash-feldspar,  and  the  finely  divided  state  in  which  the 
;e  exists  in  the  cymatolite  would  make  it  ver^  liable  to 
ergo  the  well  understood  change  leading  to  kaolin, 
ssociated  with  the  sofk|  partially  kaolinized  cymatolite,  is 
nterestinff  pink  clay-like  mineral,  closely  related  to  tnofU- 
lUonitt,  It  also  occurs  coating  the  cleavage  surfaces  of  the 
ially  altered  spodumena  It  is  most  abundant,  however, 
idependent  deposits  of  considerable  extent  in  the  vein  not 
rom  the  point  where  the  spodumene  occurs.  It  forms  soft 
les,  easily  dug  oat  with  a  spade,  and  enough  of  it  was* 
id  in  one  spot  to  fill  an  ordinary  cart.  It  also  penetrates 
vein  material,  filling  cavities  in  the  unaltered  albite  and 
-tz.  It  is  quite  impure,  often  blackened  in  spots  with  man- 
»e  oxide,  and  contains  crystals  of  apatite. 
Then  first  exposed  it  was  moist  and  soft,  easily  crashed 
reen  the  fingers,  and  in  the  purest  parts  entirely  free  from 
,j  material  when  placed  in  the  mouth.  Upon  beine  ex- 
A  to  the  air  for  some  weeks  it  lost  much  of  its  moisture 

hardened  considerably. 

he  color  is  a  delicate  rose-pink,  growing  somewhat  lighter 

)eing  exposed  to  the  air.     It  is  easily  fusible,  B.  B. 

.n  analysis  of  the  air-dried  material  was  made  by  Mr.  Horace 

Yells,  with  the  following  results : — 
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The  phosphoric  acid  shows  that  a  little  apatite  was  present, 
^nd  the  corresponding  amount  of  lime  (1*86)  should  conse- 
quently be  deaucted.  The  analysis  agrees  reasonably  well 
with  the  analyses  of  montmorillonite  from  Montmorillon, 
Franca  It  is  also  closely  related  to  a  similar  clay  described  by 
Helmhacker,  from  Macskamezo,  Transylvania.* 

It  has  been  stated  that  this  mineral  was,  as  first  found,  very 
moist  and  coherent  It  seemed  a  matter  of  some  interest  to 
determine  the  way  in  which  it  lost  its  water,  and  oonsequ^dy 
two  grams  of  air-dried  mineral  were  taken  and  placed  in  the 
desiccator  over  sulphuric  acid.  Repeated  weighings  showed  that 
it  continued  to  lose  weight  gradually  for  a  period  of  six  or 
seven  weeks,  the  loss  being  then  9*80  p.  a  The  total  loss  after 
ignition  was  about  17  p.  c. 

The  exact  relation  of  this  montmorillonite  to  the  spodu- 
mene  pseudomorphs  cannot  be  given.  The  fact  that  it  occurs 
so  intimately  with  the  spodumene,  and  too  with  the  cymatolite, 
seems  to  imply  that  it  owes  its  origin  to  the  former.  It  be- 
longs, however,  to  a  later  part  of  the  process,  for  it  is  almost 
entirely  free  from  alkalies.  The  suggestion  that  it  may  have 
been  made  from  feldspar  and  thus  nave  afforded  the  alkalies 
involved  in  the  alteration  of  the  spodumene  would  seem  at 
•first  sight  plausible.  But  in  the  first  place  the  feldspar  of  the 
vein  with  which  it  occurs  is  entirely  fresh  and  unaltered,  and 
then,  as  far  as  our  observations  have  yet  gone,  the  quantity  is 
much  too  small.  It  would  rather  seem  to  be  a  local  result  of 
the  further  alteration  of  the  cymatolite.  We  do  not  feel  able 
at  present,  however,  to  speak  with  decision  about  it 

In  concluding  our  paper,  we  would  express  our  acknowl- 
edgments to  Mr.  Penfiela,  and  to  Messrs.  Wells  and  Dewey,  to 
whom  we  are  indebted  for  the  analyses  here  published. 

Dbsoription  op  Plate. 

In  the  figures  the  letters  employed  haye  the  following  signification : — a  =  albite. 
though  here  it  is  to  be  remembered  that  (as  remarked  earlier)  most  of  the  albite 
contains  scales  of  muscovite,  and  hence  shades  into  cymatolite ;  c  =  cymatolite; 
g  =  muscovito :  k  =  killinite ;  m  =  microcline ;  »  =  spodumene  \  p  =  ^  B[H)dunMDe. 

la,  16,  \c:  Three  sections  across  a  single  crystal,  15  inches  wide  and  4^  long, 
at  intervals  of  about  5  inches,  la,  from  near  the  terminated  extremity,  conaiEts 
principally  of  /3  spodumene  (ii),  with  cymatolite  (c)  along  the  edges,  and  a  little 
glassy  spodumene  (*)  on  the  lower  side.  16  shows  only  /?  spodumene  and 
cymatolite,  the  latter  occupying  a  larger  portion  than  in  lo.  Ic,  from  the  lower 
extremity  of  the  crystal  shows  cymatolite  only. 

2.  Section  across  a  crystal,  4^  inches  wide,  now  entirely  altered  to  cjmatolite. 
The  intricate  wavy  structure  of  this  mineral  is  shown,  as  also  the  tendency  of  the 
fibers  to  be  at  right  angles  to  the  edges. 

3.  Partial  section  taken  longitudinally ;  the  central  portion  consists  of  fioeij 
granular  albite  (a),  with  lines  of  coarsely  granular,  and  deavable,  microcline  (in); 
the  exterior  is  cymatolite  (c). 

*  Tschermak.  Min.  u.  Petro.  Mitth.  1879,  p.  261. 


Warder  and  Shipley — Floating  Mdgneis.  286 

igment  of  a  orysUl  showing  the  granular  albite  (•)  indoaing  microcUne  (m). 

ctioti  acroaa  a  large  crjatal;  the  exterior  jfhtctured  and  irregular.  It 
mostly  of  dear  pi^  spodumeno  (a)  with  bands  of  li  spodumene  (/9^  passing 
it,  foUowing  the  directions  of  the  cleavage ;  alao  some  cymatolite  (c)  on 

>rior. 

Dsists  of  granular  albite  (a),  and  cymatolite  (c),  also  some  plates  of  mica  (g). 

ction  across  a  large  crystal  (natural  size),  the  interior  consisting  of  fibrous 

i)  and  the  exterior  cjmatolite  (c). 

ction  showing  some  of  the  origiDal  spodumeue  (a)  in  detached  points,  with 

ite  (c)  radiating  from  them,  also  some  /?  spodumene,  granular  albite  (a), 

)w  plates  of  mica  (jj), 

fragment  consisting  of  kiUinite  (k)  with  narrow  bands  of  cymatolite  (c) 

ig  approximately  the  original  cleavage  directions  of  the  spodumene. 

edioQ  aerosB  a  large  crystal  (7^  inches  wide),  consisting  of  albite  (a) 

Dular  microcline  (m). 

3.    Fragments  showing  granular  albite  (a)  and  imbedded  in  it  broad 

B  plates  of  microdine ;   in  each  crystal  these  plates  are  all  in  parallel 

n. 

tagment  of  a  crystal,  showing  p  spodumene  (/3)  indosed  in  albite  (a),  the 
portion  consisting  of  killinite. 

'ortion  of  a  crystal  with  the  spodumene  (s)  cymatolite  (c)  radiating  from  it, 

nular  albite  (a^;  one  band  through  the  spodumene  is  still  p  spodumene. 


r.  XXX. — Floating  Magnets;  by  K  B.  Warder  and 

W.  P.  Shipley. 

repeating  Professor  Mayer^s  beautiful  experiments  with 
ig  magnets,*  we  have  modified  the  field  of  magnetic 
by  sending  an  electric  current  through  a  coil  surrounding 
issel  of  water  to  repel  the  floating  magnets  to  the  center, 
with  or  without  tne  fixed  central  magnet  With  these 
ications,  we  still  have  radial  lines  of  force  (counting  the 
)ntal  component  only),  the  intensity  of  which  varies  with 
stance  from  the  center  of ^  the  bowl,  but  according  to  two 
iiflerent  functions  of  this  distance.  Assuming  the  solen- 
distribution  of  magnetism  as  a  suflScient  approximation 
r  present  purpose,  it  may*  be  readily  shown  that 

ich  F,  =  the  attraction  of  each  floating  magnet  towards  the 
center ; 

A:,  =  the  force  acting  between  a  pole  of  the  central  mag- 
net and  a  pole  of  a  floating  magnet,  when  they 
are  at  unit  distance  ; 

r  =  the  horizontal  distance  of  the  floating  magnet  from 
the  center  of  the  field,  and 

A,  B,  C  and  D  are  vertical  distanciw  which  remain  con- 
stant in  each  experiment. 

*  This  Journal,  xv,  276,  477,  and  xvi,  247  ;  1878. 
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Under  the  Dew  method  of  experiment,  on  the  other  hand,  if 
the  magnets  may  be  regarded  as  indefinitely  short,  Professor 
I.  Sharpless  has  shown  us  that 


*'.-*.Rr:rp 


(2) 


in  which  F,  is  the  repulsion  towards  the  center, 

k^  is  a  constant  depending  upon  the  current  strength  aod 

the  number  of  turns  in  the  coil,  and 
R  =  radius  of  the  coiL 

As  may  readily  be  supposed,  a  variety  of  configuration  with 
a  given  number  of  magnets  results  from  the  use  of  forces 
which  may  be  varied  at  will  by  combining  these  two  unlike 
functions.     This  is  clearly  seen  in  the  accompanying  figarea, 

1.  2.  3. 


6. 


6. 


7. 


9. 


which  were  all  obtained  by  taking  prints  from  nature  in  the 
usual  way.  The  configurations  1  to  4  were  obtained  by  the 
original  method,  with  the  central  attracting  magnet;  Nos.  6  to 
8  by  the  electric  current  These  figures  represent  two  panJIel 
series,  having  9  and  10  floating  magnets  respectively.  The 
configuration  No.  9  was  obtain^  by  the  combined  repalsioD 
of  the  central  magnet  and  the  current 
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An  iDspection  of  the  first  eight  figures  wiH  show  a  marked 
qualitative  contrast ;  for  when  the  force  varies  according  to  the 
law  expressed  by  equation  (1)  there  is  a  decided  tendency  toward 
concentration  of  magnets  near  the  center  of  the  field,  while 
under  law  (2)  the  tendency  is  toward  a  greater  concentration 
in  the  periphery  of  the  figure ;  under  law  (1),  an  ande  of  the 
polygon  is  sometimes  very  obtuse,  under  law  (2)  much  greater 
apparent  regularity  is  seen.  In  fi^.  9,  the  magnet  being  re- 
versed, the  centralizing  tendency  oecomes  negative,  ana  we 
obtain  the  figure  discussed  by  Mayer  and  by  Pierce  in  Nature, 
vol.  xviii,  pages  268,  381.  In  our  experiments,  the  figures  1 
and  2,  7  and  8,  seemed  to  be  more  stable  than  3  to  6 ;  No&  1 
and  2  were  not  stable  without  the  central  attracting  magnet ; 
and  Ho.  7  could  not  be  obtained  without  the  repulsion  oi  the 
electric  circuit,  unless  the  magnet  was  placed  at  some  distance 
above  the  water.  In  this  case,  an  electro-magnet  was  used, 
in  order  to  obtain  sufiicient  intensity.  Under  law  (1)  the 
mean  distance  of  neighboring  magnets  is  least  in  the  central 
part  of  the  figure,  under  law  (2)  at  the  periphery.  It  will 
also  be  seen  that  the  alternation  of  acuter  ana  obtuser  ansles 
in  the  periphery  of  figures  1  and  7  is  just  what  is  required  to 
equalize,  as  far  as  possible,  the  actual  distance  of  neighboring 
magnets. 

To  compare  these  facts  with  deductions  from  the  formulas 
given  above,  let  us  consider  the  purely  ideal  case  of  single 
magnetic  poles  in  one  plane  with  an  infinite  electric  current  of 
infinite  raaiua  The  equations  (1)  and  (2)  given  above  may 
then  be  reduced  by  making  A  equal  to  zero,  and  B,  C,  D  and 
R  each  equal  to  infinity,  or 

F.  =  p5  (1«) 

F,  =  r  X  constant  (2  a) 

If  we  suppose  the  attracting  magnetic  pole  to  be  above  the 
plane  of  floating  magnets,  equation  (1)  would  become 

A 

and  when  the  ratio  —  becomes  very  great,  we  have  (as  a  close 

approximation) 

F,  =z  r  X  constant  (1  ft), — as  in  eq.  (2  a) 

In  both  forms  of  experiment,  the  force  very  near  the  center 
increases  directly  as  the  distance ;  but  it  soon  reaches  a  maxi- 
mum under  law  (1),  and  then  rapidly  diminishes,  so  that 
three,  or  at  least  two,  of  the  floating  magnets  are  held 
near  each    other  in    the  central  part  of   the   figure.      As  al- 
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ready  stated,  it  is  only  when  the  zone  of  maxinfium  force  is 
widened,  by  raising  the  central  magnet,  that  fig.  7  is  stable 
without  the  repulsion  of  the  electric  current  In  the  new  form 
of  the  experiment,  on  the  other  hand,  while  the  force  near  the 
center  of  the  field  increases  directly  as  the  distance,  towards 
the  margin  it  increases  still  more  rapidly,  and  in  this  case 
but  one  or  at  most  but  two  of  the  magnets  take  their  place' 
near  the  center,  as  we  should  expect 

In  our  ignorance  of  the  mechanical  structure  of  a  molecule, 
or  the  law  of  the  variation  of  the  force  that  controls  the  mo- 
tions of  its  several  parts,  we  oflFer  no  opinion  as  to  which  mode 
of  experiment  (both  being  confined  to  plane  figures)  afibrds 
the  better  illustration  of  tne  still  unknown  forms  of  atomic 
and  molecular  configuration.  Equation  (2),  however,  is  far 
simpler  than  equation  (1). 

Both  modes  of  experimenting  are  readily  carried  out,  if  the 
necessary  precautions  are  taken ;  but  the  attempt  fails  when 
the  needles  are  imperfectly  magnetized.  Our  water  was  drawn 
from  service  pipes  under  considerable  pressure,  and  we  were 
obliged  to  renew  it  every  ten  or  fifteen  minutes  ;  otherwise  the 
magnets  failed  to  move  freely.  ,  Whether  this  would  be  the 
case  with  water  freed  from  an  excess  of  air,  we  have  not  de- 
termined. In  our  modification,  we  used  one  or  two  Bansen 
cells,  with  five  turns  of  No.  16  copper  wire  in  a  coil  of  15 
c.  m.  diameter.    A  single  one-fluid  cell  is  sufficient. 

The  work  already  accomplished  is  only  qualitative  ;  but  we 
propose  to  continue  the  investigation  (both  oy  experiment  and 
Dy  analysis)  with  regard  to  the  stability  of  certain  figures,  un- 
der the  various  modifications  of  the  experiment. 

Haverford  College,  Pa.,  June,  1880. 


Art.  XXXI. — Notes  from  the  Chesapeake  Zoological  Laboratory 

of  the  Johns  Hopkins  University, 

No.  I. — The  Homology  of  the  Oephalopod  Siphon  and  Arms; 

by  W.  K.  Brooks. 

While  studying  the  development  of  the  squid  {Loligo  Pealu), 
I  fortunately  procured  embryos  at  stages  which  fill  gaps  in  the 
account  which  has  been  given  by  Grenacher,  and  which  seem  to 
place  the  homology  between  the  cephalopoda  and  the  ordinary 
mollusca  in  a  very  clear  light,  and  I  give  a  diagram  of  an  earlj 
stage  of  development  of  the  squid,  and  another  of  a  gastero- 
pod,  in  a  corresponding  stage.  Without  discussing  the  literature 
of  the  subject  I  will  pass  at  once  to  the  description  of  the 
figures. 
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Figure  1  is  a  squid  embryo  with  its  head  and  yolk  sac,  Y, 
below,  and  the  so-called  posterior  end  above;  the  so-called 
yentral  surface,  which  in  the  adult  carries  the  siphon,  at  the 
left,  and  the  so-called  dorsal  surface  at  the  right 

Figure  2  is  the  embryo  of  a  fresh-water  pulmonate  in  a  sim- 
ilar position :  with  the  foot,  F,  below ;  the  shell  area,  S  A,  above ; 
the  mouth,  M,  tentacles,  T,  and  head  on  the  right  side,  and 
the  rectum,  R,  on  the  left.  The  figure  therefore  shows  the 
right  side  of  the  pulmonate. 


SH  is  the  bilaterally  symmetrical  shell,  resting  like  a  cap 
upon  the  dorsal  surface  of  the  body,  and  surrounded  by  a 
reflected  ridge  of  int^ument,  SA,  the  margin  of  the  shell  area. 

In  the  squid,  figure  1,  there  is  also  an  external  shell  which 
is  surrounded  by  a  reflected  ridge  of  integument,  SA,  as  in 
the  pulmonate. 

Running  around  the  shell  and  shell  area,  in  both,  is  a  second 
ridge  of  integument,  the  margin  of  the  mantle,  MA,  which,  in 
the  cephalopod,  already  projects  a  little,  forming  the  outer 
wall  oi  the  rudimentary  mantle  chamber. 

On  the  median  line  of  the  posterior,  or  ventral^  surface  of 
the  body,  just  below  the  mantle  ridge,  in  both,  is  the  rectum, 
R,  with  its  opening  the  anus. 

In  the  cephalopod  the  anus  is  raised  from  the  surface  of  the 
body  upon  an  anal  papilla,  but  in  other  respects  it  is  alike  in 
the  two  forms. 

On  each  side  of  the  rectum  of  the  cephalopod  is  a  tentacular 
gill,  G,  underneath  the  projecting  edge  of  the  mantle.  There 
are  no  corresponding  structures  in  the  pulmonate. 

On  the  anterior  surface  of  the  body,  the  surface  which  is 
usually  called  dorsal  in  the  cephalopod,  and  which  is  on  the 

Am.  Jocjb.  Soi.— Thibd  Sbbibs,  Vol.  XX,  No.  118. —Oot.,  1880. 
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right  in  both  figures,  we  have,  first  the  thickened  mantle  ridge, 
MA,  which  forms  the  angle  between  the  dorsal  and  the  ante- 
rior surface ;  next  we  have  the  long  pulsatile  "  neck"  r^ion  of 
the  pulmonate,  H.  In  the  cephalopod  embryo  this  region  is 
short,  not  pulsatile,  and  forms  the  back. 

Below  the  **neck  "  of  the  pulmonate  a  tentacle,  T,  is  devel- 
oped on  each  side  of  the  oody,  and  the  eyes  subsequent! j 
make  their  appearance  upon  these  tentacles. 

On  each  side  of  the  corresponding  region  of  the  body  of  the 
cephalopod  embryo  there  is  a  projectmg  eye-stalk,  T,  upon 
the  rounded  tip  of  which  the  eye  is  formed  by  an  involution 
of  the  integument 

Crossing  the  middle  line  of  the  body  of  the  pulmonate  just 
below  the  tentacles,  is  the  rudimentary  velum,  V,  which  runs 
out  onto  the  sides  and  then  bends  up  towards  the  dorsal  surface 
in  such  a  way  as  to  almost  surround  the  tentacles.  This  line 
is  marked  in  the  pulmonate  by  a  row  of  granular  ciliated  cells. 

When  the  corresponding  surface  of  the  body  of  the  cepha- 
lopod is  examined,  a  well  defined  line  or  groove,  V,  figure  1, 
will  be  found  to  run  from  the  median  line  out  into  the  sides  of 
the  body,  bending  up  posteriorly  in  such  a  way  as  to  nearly 
surround  the  eye-stalk.  The  motion  of  particles  floating  in 
the  water  shows  the  presence  of  ciliary  currents,  as  indicated 
by  the  arrows,  and  there  does  not  seem  to  be  any  reason  for 
doubting  that  this  is  a  true  rudimentary  velum.  In  both 
forms  the  mouth,  M,  is  situated  just  below  the  point  where  this 
line  crosses  the  median  line  of  the  body. 

We  have  then  the  following  structures  which  are  so  similar 
in  position,  relations,  mode  of  development,  and  function,  as  to 
leave  no  doubt  of  their  homology  ;  the  mouth  ;  the  velum ;  the 
sensory  tentacles ;  the  mantle ;  the  shell  area ;  the  shell ;  the 
rectum  and  the  anus. 

These  features  furnish  enough  points  of  orientation  to  assure 
us  that  the  cephalopod  must  be  placed  as  it  is  in  our  figure  1, 
in  order  to  be  in  a  position  homologous  with  that  of  the  gaster- 
opod  embryo,  figure  2.  The  views  which  have  been  advoca- 
ted by  Huxley  are  therefore  essentially  correct. 

In  order  to  show  the  relation  between  figure  1  and  an  adult 
cephalopod,  I  give,  in  figure  3,  an  outline  sketch,  much  less 
magnified,  of  an  older  embryo  which  has  acquired  most  of  the 
adult  characteristics.  As  the  position  of  this  figure  is  like  that 
of  the  other  two  the  dorsal  surface  is  that  which  is  above,  the 
ventral  is  below,  the  anterior  surface  on  the  right,  the  posterior 
on  the  left,  and  the  figure  shows  the  left  side  of  the  animal. 

We  are  now  in  a  position  to  discuss  the  disputed  points  in 
cephalopod  structures;  the  homology  of  the  siphon,  and  the 
arms  ;  and  the  equivalent  of  the  gasteropod  foot. 
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)  latter,  figure  2,  F,  is  a  median  unpaired  structure  on 
iutral  surface  of  the  body  between  the  mouth  and  the  anus. 
3  pulmonale  and  in  many  other  gasteropod  embryos  a 
sinus  space,  C,  separates  the  integument  of  the  foot  from 
idoderm  and  its  derivatives ;  the  integument  is  rhythmi- 
pulsatile,  and  the  sinus  space  has  the  function  of  a  circu*- 

organ. 

J  only  unpaired  structure  on  the  median  line  of  the  ven- 
irface  of  the  body  of  the  cephalopod  embryo  is  the  large 
oik,  figure  1,  Y,  and  in  this,  if  any  where,  we  must  find 
^mologue  of  the  gasteropod  foot 

he  cephalopod  a  sinus  space,  0,  separates  the  food  yolk 
he  layer  of  integument,  F,  which  surrounds  it,  and  this 
f  integument  is  rhythmically  contractile,  like  the  foot  of 
ilmonate  embryo,  and  I  think  we  must  conclude  that  the 
opod  foot,  as  a  locomotor  organ,  has  been  suppressed 
\  great  development  of  a  food  yolk  at  the  point  where  it 
I  be  found. 

arms  of  the  squid  make  their  appearance  as  little  eleva- 
A,  A,  A,  arranged  in  pairs  around  the  neck  or  constric- 
hich  separates  tlie  food  yolk  from  the  body  proper, 
they  are,  at  first,  ventral  to  the  mouth,  and  as  a  true 

is  present,  we  cannot  accept  Grenachers*  view  that  they 
3nt  this  structure.  As  they  are  paired  structures  we 
i  agree  with  Huxley  in  regarding  them  as  the  representa- 
:  the  foot,  although  they  are,  perhaps,  to  be  regarded  as 

outgrowths  from  the  foot-region. 

siphon  originates  as  two  pairs  of  folds,  S  and  S',  of  the 
ment  of  the  lateral  walls  of  the  body,  and  if  we  follow 
J  in  regarding  these  four  folds  as  homologous  with  the 
lial  folds  of  a  gasteropod,  we  must  regard  the  arms  as 
ires  which  have  been  independently  acquired. 
Q  the  other  hand  we  regard  the  arms  as  modified  epipo- 
>lds  we  must  consider  the  four  siphon  folds  to  be  inde- 
itly  acquired  structures,  and  in  the  absence  of  any  test 
g  seems  to  be  gained  by  the  uncertain  homology  of 
the  arms  or  the  siphon  with  any  part  of  the  body  of  a 
I  gasteropod. 

>rt,N.  C,  July  6th,  1880. 

. — Notes  on  the  Early  Stages  of  some  Polychoetous  Annelides  ; 

by  E.  B.  Wilson. 

iew  of  the  morphological  interest  of  the  marine  annel- 
the  most  highlv  specialized  forms  among  the  "  Vermes,*' 
le  scarcity  of  detailed  accounts  of  their  early  stages  of 
pment,    the  following   preliminary   abstract  of  studies 
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on  the  eggs  of  Arenicola  and  dymenella  seems  of  some  interest 
The  eggs  are  small  and  very  numerous,  and  are  embedded  in 
transparent  gelatinous  masses  issuing  from  the  mouths  of  the 
tubes  or  burrows  inhabited  by  the  worms.  The  ^g-masses  of 
Arenicola  are  of  great  size,  being  sometimes  five  or  six  feet  in 
length  and  from  two  to  four  inches  in  diameter ;  such  a  mass 
must  contain  several  hundred  thousand  eggs.  Those  of  Ofy- 
menella  are  usually  about  the  size  and  shape  of  a  pigeon's  egg; 
the  eggs  are  much  fewer  and  considerably  larger  than  those  of 
Arenicola. 

The  whole  course  of  development  is  essentially  alike  in  the 
two  forms.     No  polar  globules  of  constant  relation  to  the  yolk 
were  observed.     The  first  cleavage  divides  the  egg  into  two  un- 
equal spherules.     The  second,  passing  at  right  angles  to  the 
first,  divides  the  smaller  spherule  into  two  equal  parts,  and  the 
larger  into  two  unequal  parts.     The  third  cleavage  separates 
from  these  four  blastomeres  four  much  smaller  ones  at  one 
pole  of  the  egg.     The  latter  (micromeres)  soon  become  so  dis- 
placed as  to  alternate  with  the  former  (macromeres).     The  mi- 
cromeres now  divide  more  rapidly  than  the  macromeres  which 
they  come  ultimately  to  include  by  growing  down  over  them. 
The  ectoderm  is  formed  by  the  derivatives  of  the  micromeres, 
and  in  part,  I  believe,  of  the  macromeres.     The  remaining  por- 
tions of  the  macromeres  form  the  entoderm.     Two  large  spner- 
illes,  which  originally  formed  a  part  of  the  largest  of  the  four 
primary  blastomeres,  are  visible  up  to  a  late  stage  at  the  pos- 
terior extremity  of  the  embryo.     They  are  at  first  at  the  suraice 
but  ultimately  are  grown  over  by  the  ectoderm  and  disappear. 
It  is  possible  that  they  are  concerned  in  the  formation  of  the 
mesoderm  and  are  to  be  regarded  as  primary  mesoblasts.    The 
mouth  arises  on  the  ventral  side  nearly  opposite  that  pole  of 
the  egg  where  the  first  four  micromeres  were  fermed.    The 
anus  arises  at  the  posterior  end  of  the  embryo.     The  ^g-raem- 
brane  is  directly  converted  into  the  cuticle  of  the  larva.    The 
egg  exhibits,  during  segmentation,  alternate  periods  of  activity 
and  quiescenca 

The  embryo  acquires  two  dorsal  eye-specks,  pr»-oral  and 
prae-anal  belts  of  cilia  and  a  broad  ventral  band,  and  becomes 
a  **  Telotrochous  "  larva  which  passes  directly  into  the  adult 
The  setae  develop  from  before  backwards,  and  those  of  the 
dorsal  ramus  appear  before  those  of  the  ventral. 

The  segmentation  is  closely  similar  to  that  of  some  Oligo- 
chaeta  (Euaxes^  Thibi/'ex)  and  resembles  also  that  of  the  leeches. 
The  gastrula  stage  is  not  attained  by  a  typical  invagination  but 
by  a  down-growth  of  the  ectoderm  over  the  entoderm. 

Beaufort,  N.  C,  July,  1880. 
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No.  HI. — The  Rhythmical  Character  of  the  Process  of  SegTYienta- 

tion ;  by  W.  K  Brooks. 

A  number  of  observers  have  called  attention  to  the  fact  that 
in  certain  animals  the  segmenting  eggs  pass  through  alternating 
stages  in  which  the  segmentation  products  are  first  conspicuous 
and  well  defined,  and  then  flattened  and  fused  together. 

In  a  paper  on  the  development  of  the  fresh  water  pulmo- 
nates  I  have  attempted  to  show  that  the  alternation  is  due  to 
the  fact  that  periods  of  segmenting  activity  alternate  with 
periods  of  rest,  and  that  the  tendency  which  the  elasticity  of 
the  egg  exerts  to  render  its  form  spherical  when  no  other  force 
is  acting  upon  it  causes  the  partial  obliteration  of  the  outlines 
of  the  spherules  during  each  resting  stage.    . 

The  essential  factor  is  therefore  the  alternation  of  rest  with 
activity,  and  the  change  of  shape  during  the  resting  periods  is 
a  secondary  phenomenon,  brought  about  incidentally  by  the 
physical  properties  of  the  yolk. 

In  most  ^gs  the  yolk  is  not  sufiBciently  elastic  to  allow  any 
great  change  of  form,  but  careful  time-records  show  that 
the  process  of  segmentation  is  rhythmical,  and  that  short 
periods  of  active  change  alternate  with  longer  periods  during 
which  there  is  no  external  change. 

During  the  past  year  various  members  of  the  Biological  De- 
partment of  the  University  have  observed  this  alternation  in 
various  Vertebrate  and  Invertebrate  eggs.  Dr.  Clarke  has 
noticed  it  in  an  amphibian,  Amhlystoma^  where  the  segmenta- 
tion is  total.  I  have  observed  it  in  the  egg  of  an  unknown  fish, 
where  s^mentation  is  restricted  to  a  blastoderm.  Mr.  Wilson  has 
observed  it  in  three  annelides,  where  segmentation  is  total  and 
irregular;  Arenicola,  QymeneUa  and  Lwabricus.  It  is  very 
well  marked  in  an  arthropod,  Leucifer^  whose  eggs  undergo 
total  r^ular  s^mentation. 

Its  occurrence  in  so  many  widely  separated  groups,  with 
such  different  methods  of  segmentation  renders  it  probable  that 
it  will  be  found  in  nearly  all  eggs  upon  sufficiently  careful 
examination. 
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Art.  XXXII. — Paleontohgical  and  Emhryological  Development; 
Address  by  Alexander  Agassiz,  Vice-president  of  Section 
B,  at  the  recent  Boston  meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science. 

Since  the  publication  of  the  "  Poissons  Fossiles  "  W  Agas- 
siz, and  of  the  "  Erabryologie  des  Salmonid6es  "  by  Vo^  the 
similarity,  traced  by  the  former  between  certain  stages  in  the 
growth  of  young  fishes  and  the  fossil  representatives  of  extinct 
members  of  the  group,  has  also  been  observed  in  nearly  every 
class  of  the  animal  kingdom,  and  the  fact  has  become  a  most 
convenient  axiom  in  the  study  of  paleontological  and  embryo- 
logical  development.  This  parallelism,  which  has  been  on  the 
one  side  a  strong  argument  in  favor  of  design  in  the  plan  of 
creation,  is  now,  with  slight  emendations,  doing  the  duty  on 
the  other  as  a  newly  discovered  article  of  faith  in  the  new 
biology. 

But  while  in  a  general  way  we  accept  the  truth  of  the  propo- 
sition that  there  is  a  remarkable  parallelism  between  the  em- 
bryonic development  of  a  group  and  its  paleontological  history, 
{et  no  one  has  attempted  to  demonstrate  this,  or  rather  to  show 
ow  far  the  parallelism  extends.  We  have,  up  to  the  present 
time,  been  satisfied  with  tracing  the  general  coincidence,  or 
with  striking  individual  cases. 

The  reseniDlance  between  the  pupa  stage  of  some  Insects  and 
of  adult  Crustacea,  the  earlier  existence  of  the  latter,  and  the 
subsequent  appearance  of  the  former  in  paleontological  his- 
tory, lurnishea  one  of  the  first  and  most  natural  illustrations  of 
this  parallelism ;  while  theoretically  the  necessary  develop- 
ment of  the  higher  tracheate  insects  from  their  early  branchiate 
aquatic  ancestors  seemed  to  form  an  additional  link  in  the 
chain,  and  point  to  the  Worms,  the  representatives  of  the  larval 
condition  of  Insects,  as  a  still  earlier  embryonic  stage  of  the 
Articulates. 

Indeed,  there  is  not  a  single  group  of  the  animal  kingdom 
in  which  embryology  has  not  played  a  most  important  part  in 
demonstrating  affinities  little  suspected  befora  The  develop- 
ment of  our  frogs,  our  salamanders,  has  given  us  the  key  to 
much  that  was  unexplained  in  the  history  of  Reptiles  and 
Batraohians.  The  little  that  has  been  done  in  the  embryology 
of  Binls  has  rovolutionizetl  our  ideas  of  a  class  which  at  the 
Wginning  of  the  century  soemeil  to  be  the  most  naturallv  cir- 
cumscribed of  all.  Embryology  and  paleontology  combined 
have  led  to  the  recognition  of  a  natuml  classification  uniting 
Biixls  and  Reptiles  on  the  one  side  and  Batrachians  and  Fishes 
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the  other.  It  is  to  embryology  that  we  owe  the  explana- 
)n  of  the  affinities  of  the  old  Fishes  in  which  Agassiz  first 
cognized  the  similarity  to  the  embryo  of  Fishes  now  living, 
d  by  its  aid  we  may  hope  to  understand  the  relationship  of 
e  oldest  representatives  of  the  class.  It  has  given  us  the 
Iv  explanation  of  the  early  appearance  of  the  Cartilaginous 
shes,  and  of  the  probable  formation  of  the  earliest  vertebrate 
ab  from  the  lateral  embryonic  fold,  still  to  be  traced  in  the 
•ang  of  the  Osseous  Fishes  of  to-day. 

Embryology  has  helped  us  to  understand  the  changes  aquatic 
imals  must  gradually  undergo  in  order  to  become  capable  of 
inir  upon  dry  land.  It  has  given  us  pictures  of  swimming- 
»dle»  existing  as  radimentery  lungs  In  Fishes  with  a  bran- 
ial  system ;  in  Batrachians  it  has  shown  us  the  persistence  of 
branchial  system  side  by  side  with  a  veritable  lung.  We 
.d  among  the  earliest  terrestrial  Vertebrates  types  having 
inifest  affinities  with  the  Fishes  on  one  side  and  Batrachians 
the  other,  and  we  call  these  types  Reptiles ;  but  we  should 
vertheless  do  so  with  a  reservation,  looking  to  embryology 
*  the  true  meaning  of  these  half -fledged  Beptiles,  which 
ed  at  the  period  of  transition  between  an  aquatic  and  a  ter- 
itrial  life,  and  must  therefore  always  retain  an  unusual  im- 
rtance  in  the  study  of  the  development  of  animal  life. 
When  we  come  to  the  embryology  of  the  marine  Inverte- 
ites,  the  history  of  the  development  of  the  barnacles  is  too 
niliar  to  be  dwelt  upon,  and  1  need  only  allude  to  the  well- 
owu  transformations  of  the  Echinoderms,  of  the  Acalephs, 
>lyps,  in  fact  of  every  single  class  of  Invertebrates,  and  per- 
ps  in  none  more  than  in  the  Brachiopods,  to  show  how  far- 
iching  has  been  the  influence  of  embryology  in  guiding  us  to 
correct,  reading  of  the  relations  between  the  fossils  of  succes- 
•^e  formations.  There  is  scarcely  an  embryological  mono- 
aph  now  published  dealing  with  any  of  the  later  stages,  of 
3wth  which  does  not  speak  of  their  resemblance  to  some  type 
the  group  long  ago  extinct.  It  has  therefore  been  most 
tural  to  combine  with  the  attempts  constantly  made  to  estab- 
h  the  genetic  sequence  between  the  genera  of  successive 
rmations  an  effort  to  establish  also  a  correspondence  between 
eir  paleontological  sequence  and  that  of  the  embryonic  stages 
development  of  the  same,  thus  extending  the  mere  simi- 
rity  first  observed  between  certain  stages  to  a  far  broader 
ineralization. 

It  would  carry  me  too  far  to  sketch  out,  except  in  a  most 
eneral  way,  even  for  a  single  chiss,  the  agreement  known  to 
list  in  certain  groups  between  their  embryonic  development 
ad  their  paleontological  history.  It  is  hinted  at  in  the  suc- 
ession  of  animal  life  of  any  period  we  may  take  up,  and  per 
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haps  cannot  be  better  expressed  than  by  comparing  the  fauna 
of  any  period  as  a  whole  with  that  of  following  epochs ; — a 
zoological  system  of  the  Jura,  for  instance,  compared  with  one 
made  up  for  the  Cretaceous  ;  next,  one  for  the  Tertiary,  com- 
pared with  the  fauna  of  the  present  day.  In  no  case  could  we 
find  any  class  of  the  animal  kingdom  bearing  the  same  defini- 
tions or  characterized  in  the  same  manner.  But  apply  to  this 
comparison  the  data  obtained  from  the  embryological  develop- 
ment of  our  present  fauna,  and  what  a  flood  of  light  is  thrown 
upon  the  meaning  of  the  succession  of  these  apparently  dis- 
connected animal  kingdoms,  belonging  to  different  geological 
periods,  especially  in  connection  with  the  study  of  the  few 
ancient  types  which  have  survived  to  the  present  day  from  the 
earliest  times  in  the  history  of  our  earth  ! 

Although  there  is  hardly  a  class  of  the  animal  kingdom  in 
which  some  most  interesting  parallelism  could  not  be  drawn, 
and  while  the  material  for  an  examination  of  this  parallelism  is 
partially  available  for  the  Fishes,  MoUusks,  Crustacea,  Corals, 
and  Crinoids,  yet  for  the  illustration  and  critical  examination 
of  this  parallelism,  I  have  been  led  to  choose  to-day  a  very 
limited  group,  that  of  Sea-urchins,  both  on  account  of  the  na- 
ture of  the  material  and  of  my  own  familiarity  with  their  de- 
velopment and  with  the  living  and  extinct  species  of  Echini 
The  number  of  living  species  is  not  very  great— less  than  three 
hundred — and  the  number  of  fossil  species  thus  far  known  is 
not,  according  to  Zittel,  more  than  about  two  thousand.  It  is 
therefore  possible  for  a  specialist  to  know  of  his  own  knowl- 
edge the  greater  part  of  the  species  of  the  group.  It  has  been 
my  good  fortune  to  examine  all  but  a  few  of  the  species  now 
known  to  exist,  and  the  collections  to  which  I  have  had  access 
contain  representatives  of  the  majority  of  the  fossil  species. 
Sea-urchins  are  found  in  the  oldest  fossiliferous  rocks ;  the? 
have  continued  to  exist  without  interruption  in  all  the  strata 
up  to  the  present  time.  While  it  is  true  that  our  knowledge 
of  the  Sea-urchins  occurring  before  the  Jurassic  period  is  not 
very  satisfactory,  it  is  yet  complete  enough  for  the  purposes  of 
the  present  essay,  as  it  will  enable  me,  starting  from  the  Juras- 
sic period,  to  call  your  attention  to  the  paleontological  history 
of  the  group,  and  to  compare  the  succession  of  its  members 
with  the  emoryological  development  of  the  types  now  living  in 
our  seas.  Ample  material  for  making  this  comparison  is 
fortunately  at  hand ;  it  is  material  of  a  peculiar  kind,  not 
easily  obtained,  and  which  thus  far  has  not  greatly  attracted  * 
the  attention  of  zoologists. 

Interesting  and  important  as  are  the  earliest  stages  of  embry- 
onic development  in  the  different  classes  of  the  animal  king- 
dom, as  bearing  upon  the  history  of  the  first  appearance  d 
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17  organ  and  its  subsequent  modifications,  they  throw  but 
itle  light  on  the  subject  before  us.  What  we  need  for  our 
^mparisons  are  the  various  stages  of  growth  through  which 
e  young  Sea-urchins  of  different  families  pass  from  the  time 
ey  have  practically  become  Sea-urchins  until  they  have 
tained  the  stage  wtich  we  now  dignify  with  the  name  of 
lecies.  Few  embryologists  have  carried  their  investigations 
to  the  more-extended  field  of  the  changes  the  embryo  under- 
>es  when  it  begins  to  be  recognized  as  belonging  to  a  special 
ass,  and  when  the  knowledge  of  the  specialist  is  absolutely 
^ed  to  trace  the  bearing  of  the  changes  undergone,  and  to 
iderstand  their  full  meaning.  Fortunately  the  growth  of  the 
>ang  Echini  has  been  traced  in  a  sufficient  number  of  fami- 
38  to  enable  me  to  draw  the  parallelism  between  these  various 
Ages  of  growth  and  the  paleontological  stages  in  a  very  differ- 
It  manner  from  what  is  possible  in  other  groups  of  the  animal 
ngdom,  where  we  are  overwhelmed  with  the  number  of  spe- 
cs, as  in  the  Insects  or  Mollusks,  or  where  the  paleontological 
•  the  embryological  terms  of  comparison  are  wanting  or  very 
iperfect 

^e^nning  with  the  paleontological  history  of  the  regular 
ia-urchins  at  the  time  of  the  Trias,  when  they  constituted  an 
iimpK>rtant  group  as  compared  with  the  Crinoids,  we  find  the 
chini  of  that  time  limitea  to  representatives  of  two  families, 
ne  of  these,  the  genus  Cidaris,  nas  continued  to  exist,  with 
ight  modifications,  up  to  the  present  time,  and  not  less  than 
le-tenth  of  all  the  known  species  of  fossil  Echini  belong  to 
lis  important  genus,  which  in  our  tropical  seas  is  still  a  promi- 
mt  one.  It  is  interesting  here  to  note  that  in  the  CidaridaB 
le  modifications  of  the  test  are  not  striking,  and  the  fossil 
mera  appearing  in  the  successive  formations  are  distinguished 
f  charactefs  which  often  leave  us  in  doubt  as  to  the  genus  to 
hich  many  species  should  be  referred.  In  the  genus  Rhabdo- 
daris,  which  appears  in  the  lower  Jura,  and  which  is  mainly 
laracterized  by  the  extraordinary  development  of  the  radi- 
es,  we  find  the  extreme  of  the  variations  of  the  spines  in  this 
imily.  From  that  time  to  the  present  day,  the  most  striking 
ifferences  have  existed  in  the  shape  of  the  spines,  not  only  of 
losely  allied  genera,  but  even  in  specimens  of  the  same  species ; 
ifferences  which  in  some  of  the  species  of  to-day  are  as  great 
s  in  older  geological  periods.  The  oldest  Cidaridaa  are  re- 
aarkable  for  their  narrow  poriferous  zones.  It  is  only  in  the 
fura  that  they  widen  somewhat ;  subsequently  the  pores  be- 
some  conjugated,  and  only  later,  during  the  Cretaceous  period, 
do  we  find  the  first  traces  of  any  ornamentation  of  the  test 
(Temnocidaris)  so  marked  at  the  present  day  in  the  genus 
Goniocidaris.     As  far,  then,  as  the  Cidaridse  are  concerned,  the 
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modifications  which  take  place  from  their  earliest  appearance 
are  restricted  to  slight  changes  in  the  poriferous  zone  and  in 
the  ornarnontation  of  the  test,  accompanied  with  great  varia- 
bility in  the  shape  of  the  primary  radioles.  We  must  except 
from  this  statement  the  genera  Diplocidaris  and  Tetracidaris,  to 
which  I  shall  refer  agam.  The  representatives  of  the  other 
Triassic  family  become  extinct  in  the  lower  Tertiaries.  The 
oldest  genus,  Hemicidaris,  undoubtedly  represents  the  earliest 
deviations  from  the  true  Cidaris  type;  modifications  which 
aifect  not  only  the  poriferous  zone,  but  the  test,  the  actinal  and 
the  abactinal  systems,  while  from  the  extent  of  these  minor 
chances  we  can  trace  out  the  gradual  development  of  some  of 
the  characteristics  in  families  of  the  regular  lichini  now  living. 
The  genus  Hemicidaris  may  be  considered  as  a  Cidaris  in 
which  the  poriferous  zone  is  narrow  and  undulating,  in  which 
the  granules  of  the  ambulacra)  system  have  become  minute 
tubercles  in  the  upper  portion  of  the  zone  and  small  primary 
tubercles  in  its  actinal  region,  in  which  many  of  the  interam- 
bulacral  granules  become  small  secondaries,  in  which  the  plates 
of  the  actinal  system  have  become  reduced  in  number,  and  the 
apical  system  has  become  a  narrow  ring,  and  finally  in  which 
the  primary  radioles  no  longer  assume  the  fantastic  shapes  so 
common  among  the  Cidaridro. 

We  can  trace  in  this  genus  the  origin  of  the  modifications 
of  the  poriferous  zone,  leading  us,  on  the  one  side,  through 
jrenora  with  merely  undulating  lines  of  pores  to  more  or  less 
distinct  confluent  arcs  of  pores,  formed  round  the  primary 
ainbuhioral  tubercles,  and,  on  the  other,  to  the  formation  of 
open  arcs  of  three  or  more  pairs  of  pores.  The  first  type  cul- 
minates at  the  present  day  with  the  Arbaciadae,  the  other  with 
the  Diadematiui^,  Triplechinidae,  and  Echinometrad».  This 
specialization  very  early  tiikes  place,  for  already  iu  the  lower 
Jura  Stt)mechinus  has  assumed  the  principal  characteristics  of 
the  Triplcehinidi^  of  tc>-day. 

Although  in  Hemicidaris  the  number  of  the  coronal  plates 
has  inoroiu?tHl  asoompareii  with  the  Cidaridte,  and  while  we  find 
that  in  many  genera,  even  of  those  of  the  present  day,  the 
nunil>er  of  the  coivnal  plates  is  still  comparatively  small,  yet, 
as  a  general  rule,  the  more  recent  formations  contain  genera  in 
which  the  inoiViU?o  in  number  of  the  interambulacral  plates  is 
aooompaniixl  by  a  corresponding  decrease  in  the  number  of 
plates  of  the  interambulacral  area  s^'^  characteristic  thus  far  of 
the  Cidarida*  and  Hemioidaridie,  a  change  also  afiecting  the 
size  of  the  primary  ambulacra]  tuberolciv.  This  increase  in  the 
numbor  of  the  con^ial  plates  is  likewise  accompanied  by  the 
devolopmont  of  irregular  se^»ondarv  and  miliary  tubercles,  and 
the  disiipjH^aranct*  in  this  group  of  the  granular  tuberculation, 
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portant  a  character  in  the  Cidarid».  With  the  iocrease 
3  number  of  the  interambulacral  coronal  plates,  the  Pseu- 
idematidad  still  retain  prominent  primary  tubercles,  recall- 
he  earlier  Hemiciderid»  and  Cidarid»,  and,  as  in  the 
idae  proper,  the  test  is  frequently  ornamented  by  deep 
>r  by  ridges  formed  by  the  junction  of  adjoining  tuber- 

The  genital  ring  becomes  narrower,  and  the  tendency  to 
pecialization  of  one  of  its  plates,  the  madreporite,  more 
nore  marked. 

ith  the  appearance  of  Stomechinus,  the  Echinidse  proper 
iy  assume  in  the  Jura  the  open  arcs  of  pores,  the  large 
3er  of  coronal  interambulacral  plates,  the  specialization  of 
)condary  tubercles,  and  the  large  number  of  primary  tuber- 
n  each  plate.  With  the  appearance  of  SphsBrechinus  in 
arly  Tertiary  come  in  all  the  elements  for  the  greater  mul- 
ation  of  the  pairs  of  pK)res  in  the  arcs  of  the  poriferous 
\j  while  the  gigantic  primary  spines  of  some  of  tne  genera 
^rocentrotus),  and  the  small  number  of  primary  tubercles 
Lructural  features  which  had  completely  disappeared  in 
;TOup  preceding*  the  Echinometradae,  to  which  they  appear 
closely  allied. 

dng  back  again  to  the  HemicidaridsB,  it  requires  but  slight 
ges  to  pass  from  them  to  Acrosalenia  and  to  the  Salenise 
sr ;  the  latter  have  continued  to  the  present  day,  and  have, 
the  CidarldsB,  retained  almost  unchanged  the  characters  of 
;enera  which  preceded  them,  combined,  however,  with  a 
!)idaridian  ana  Echinid  features  which  date  back  to  the 
ssic  period.  We  can  thus  trace  the  modifications  which 
taken  place  in  the  poriferous  zone,  the  apical  and  actinal 
!ms,  the  coronal  plates,  the  ambulacral  and  interambula- 
tubercles,  as  well  as  in  the  radicles,  and  in  the  most  direct 
ler  possible  indicate  the  origin  of  the  peculiar  combina- 
of  structural  features  which  we  find  at  any  geological  hori- 

On  taking  in  succession  the  modifications  undergone  by 
lifferent  parts  of  the  test,  we  can  trace  each  one  singly, 
out  the  endless  complication  of  combinations  which  any 
ipt  to  trace  the  whole  of  any  special  generic  combination 
a  imply. 

»ving  out  of  the  question  for  the  mgment  the  Palsechin- 
we  find  no  difliculty  in  tracing  the  history  of  the  charac- 
of  the  genera  of  the  regular  Echini  which  have  existed 
L  the  time  of  the  Trias  and  are  now  living,  provided  we 
up  each  character  independently.  Nothing  can  be  more 
3t  than  the  gradual  modification  of  the  simple,  barely 
dating  poriferous  zone,  made  up  of  numerous  ambulacral 
B8  covered  by  granules,  such  as  we  find  it  among  the  Oida- 
J  of  the  Trias,  first  into  the  slightly  undulating  poriferous 
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zoDe  of  the  Hemicidaridae,  next  into  the  indistinct  arcs  of  pores 
of  the  Pseudodiadematidae,  then  into  the  arcs  with  a  limited 
number  of  pores  of  the  Triplechinidae,  and  finally  to  the  polype- 
rous  arcs  of  the  Echinometradas.     What  can  be  more  direct 
than  the  gradual  modification  to  be  traced  in  the  development 
of  the  primary  ambulacral  tubercles,  such  as  are  characteristic 
of  the  Echini^89  of  the  present  day,  from  their  first  appearance 
at  the  oral  extremity  of  the  ambulacral  system  of  the  Hemicid* 
aridsB,  and  the  increase  in  the  number  of  primary  interambola- 
cral  tubercles,  accompanied  by  the  growth  of  secondaries  and 
miliaries,  which  we  can  trace  in  Hemicidaris,  Acrosalenia,  and 
Stomechinus, — the  increase  in  number  of  the  primary  and  sec- 
ondary tubercles  being  accompanied  by  a  reduction  in  the  size 
of  the  radicles  and  a  greater  uniformity  in  their  size  and  shape? 
But  while  these  modifications  take  place,  the  original  struc- 
tural feature  may  be  retained  in  an  allied  group.     Thus  the 
Cidaridas  retain  unchanged  from  the  earliest  time  to  the  pres- 
ent day  the  few  primary  tubercles,  the  secondary  granules,  the 
simple  poriferous  zone,  the  imbricating  actinal  system,  and  the 
few  coronal  plates,  with  the  large  apical-  system  and  many- 
shaped  radioles ;  while  in  the  Saleniaae  the  primary  interam- 
bulacral   tubercles,   the  secondary  granules,  the  radioles,  the 
genital  ring,  are  recognized  features  of  the  Cidaridae,  associated, 
nowever,  with  an  Echinid  actinal  and  anal  system,  Hemidd- 
arid    primary    ambulacral    tubercles,    and    an    Echinid  por- 
iferous zone.     In  the  same  way  in  the  Diadematidae,  the  large 
primary   interambulacral   tubercles   are    Cidaridian    features, 
while  the  structure  of  the  ambulacral  tubercles  is  Hemicidarid- 
ian.     The  existence  of  two  kinds  of  spines  is  another  Cidarid- 
ian feature,  while  the  apical  and  actinal  systems  have  become 
modified  in  the  same  direction  as  that  of  the  EchinidaB.    The 
more  recent  the  genus,  the  greater  is  the  difficulty  of  tracing 
in  a  direct  manner  the  origin  of  any  one  structural  feature^ 
owing  to  the  difficulty  of  disassociating  structural  elements 
characteristic  of  genera  which  may  be  derived  from  totally  dif- 
ferent sources.     This  is  particularly  the  case  with  genera  hay- 
ing a  great  geological  age.     Many  of  them,  especially  among 
the  Spatangoids,  show  affinities  with  genera  following  them  in 
time,  to  be  explained  at  present  only  on  the  supposition  that^ 
when  a  structural  feature  has  once  made  its  appearance,  it  may 
reappear  subsequently,  apparently  as  a  new  creation,  while  in 
reality  it  is  only  its  peculiar  combination  with  structural  fea- 
tures with  which  it  had  not  before  been  associated  (a  new 
genus),  which  conceals  in  that  instance  the  fact  of  its  previous 
existence.     A  careful  analysis,  not  only  of  the  genera  of  the 
order,  but  sometimes  of  other  orders  which  have  preceded  this 
combination  in  time,  may  often  reveal  the  elements  from  which 
have  been  produced  apparently  unintelligible  modifications. 
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There  is,  however,  not  one  of  the  simple  structural  features 
the  few  types  of  the  Triassic  and  Liassic  Echini  from  which 
J  can  so  easily  trace  the  origin  of  the  structural  features  of 

the  subsequent  Echinid  genera,  which  is  not  also  itself  con- 
lued  to  the  present  day  in  some  generic  type  of  the  present 
ocfa,  fully  as  well  characterized  as  it  was  at  the  beginning. 
fact,  the  very  existence  to-day  of  these  early  structural  fea- 
res  seems  to  be  as  positive  a  proof  of  the  unbroken  system- 
c  affinity  between  the  Echini  of  our  seas  and  those  of  the 
ias,  as  the  uninterrupted  existence  of  the  genus  Pygaster  or 
iaris  from  the  Trias  down  to  the  present  epoch,  or  of  the 
unection  of  many  of  the  genera  of  the  Chalk  with  those  of 
r  epoch  (Salenia,  Cyphosoma,  Psammechinus,  etc.). 
Passing  to  the  ClypeastridaB,  we  find  there  as  among  the 
smosticha  that  the  earliest  type,  Pygaster,  has  existed  from 
3  Trias  to  the  present  time ;  and  that,  while  we  can  readily 
construct,  on  embryological  grounds,  the  modifications  the 
rliest  Desmosticha-like  Echini  should  undergo  in  order  to 
lume  the  structural  features  of  Pygaster,  yet  the  early  peri- 
s  in  which  the  precursors  of  the  Echinoconidae  and  Clypeas- 
d»  are  found  have  thus  far  not  produced  the  genera  in  which 
ese  modifications  actually  take  place.  But,  starting  from 
rgaster,  we  naturally  pass  to  Holectypus,  to  Discoidea,  to 
moclypus,  on  the  one  side,  whilp  on  the  other,  from  Holec- 
pus  to  Echinocyamus,  Sismondia,  Fibularia,  and  Mortonia, 
3  have  the  natural  sequence  of  the  characters  of  the  existing 
3hinanthidd3,  Laganidae,  and  Scutellidse,  the  greater  number 

which  are  characteristic  of  the  present  epoch.  If  we  were 
take  in  turn  the  changes  undergone  in  tne  arrangement  of 
e  plates  of  the  test,  as  we  pass  from  Pygaster  to  Holectypus, 
Bcbinocyamus,  and  the  Echinanthidsa,  we  should  have  in 
e  genera  which  follow  each  other  in  the  paleontological  record 
r  unbroken  series  showing  exactly  what  these  modifications 
ive  been.  In  the  same  way,  the  modifications  of  the  abacti- 
J  and  anal  systems,  and  those  of  the  poriferous  zone,  can 
[ually  well  be  followed  to  Echinocyamus,  and  thence  to  the 
lypeastridsd ;  while  a  similar  sequence  in  the  modifications  of 
eee  structural  features  can  be  followed  from  Mortonia  to  the 
mtellidse  of  the  present  period. 

Passing  finally  to  the  retalosticha,  we  find  no  difficulty  in 
acing  theoretically  the  modifications  which  our  early  Echino- 
midsB  of  the  Lias  should  primarily  undergo  previous  to  the 
)pearance  of  Galeropygus.  The  similarity  of  the  early  Cassi- 
aJoid  and  Echinoneoid  types  points  to  the  same  systematic 
finity,  and  perhaps  even  to  a  direct  and  not  very  distant  rela- 
lonship  with  the  Palaechinidae.  For  if  we  analyze  the  Echino- 
huriffi  of  the  present  day,  we  find  in  genera  like  Phormosoma 
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many  structural  features,  such  as  the  shape  of  the  test,  the 
character  of  the  spines,  the  structure  of  the  apical  system,  that 
of  the  poriferous  zone,  indicative  of  possible  modincations  in 
the  direction  of  Pygaster  or  of  Galeropygus,  which  have  as  yet 
not  been  taken  into  account 

Adopting  for  the  Petalosticha  the  same  method  of  tracing 
the  modifications  of  single  structural  features  in  their  paleonto- 
lo^cal  succession,  we  trace  the  comparatively  little  modified 

{)aIeoutological  history  of  the  Echinoneidso  of  the  present  day 
rom  the  Pyrina  of  the  lower  Jura.     This,  in  its  tarn,  has  been 
f)receded  by  Hyboclypus  and  Galeropygus,  while  the  Echino- 
ampadsB  of  the  present  day  date  back,  with  but  trifling  modi- 
fications, to  the  Echinobrissus  of  the  Lias,  itself  preceded  by 
Clypeus :  and  they  have  been  subject  only  to  slight  generic 
changes  since  that  time,  Echinobrissus  bein^  still  extant,  while 
such  closely  allied  genera  as  Catopygus  and  Oassidulus  of  the 
earlier  Cretaceous  are  still  represented  at  the  present  day :  the 
modifications  taking  place  in  the  actinal  system,  in  the  amba- 
lacral  zones  of  the  Echinoconidae  and  of  the  Echinolampad» 
showing  the  closest  possible  systematic  affinity  in  these  familiea 
Starting  again  from  Hyboclypus,  with  its  elongate  apical  sys- 
tem, we  naturally  pass  to  CoUyrites  and  the  strange  Dysis- 
teridsB  forms  which  in   their  turns  are  closely  allied  to  the 
Holasteridee.     From  Holaster  on  the  one  side  and  from  Tox- 
aster  on  the  other,  we  find  an  unbroken  seauence  of  stmctaral 
characters  uniting  the  successive  genera  oi  Holasteridsa,  sacb 
as  Oardiaster,  Offaster,  Stenonia,  Ananchytes,  and  Asterostoma, 
with  Paleopneustes,  Homolampas  and  the  Pourtalesise  of  the 
present  day,  while  from  the  genera  of  the  Toxasteridaa  we 
naturally  pass  to  the  cretaceous  Hemiaster ;  in  this  genus  and 
subsequent  Micraster  we  find  all  the  elements  necessary  for  the 
modifications  which  appear  in  the  SpatanginsB  from  the  time 
of  the  Chalk  to  the  present  day.     These  modifications  result 
in  genera  in  which  we  trace  the  development  of  the  fasciolee, 
of  the  actinal,  anal,  and  abactinal  plastrons,  of  the  beak,  the 
formation  of  the  petaloid  ambulacra,  first  flush  with  the  test, 
and  little  by  little  changed  into  marsupial  pouches,  the  growdi 
of  the  anterior  groove  and  the  manifold  modifications  of  the 
ambulacral  system  in  Spatangus,  Agassizia,  and  Echinocardium, 
often  recalling  in  some  of  its  features  structural  characters  of 
families  which  have  preceded  this  in  time. 

Apparently  in  striting  contrast  with  the  Echini  of  the  sec- 
ondary period  and  those  which  have  succeeded  them  stand  the 
Paleozoic  Echini ;  but  when  we  have  examined  the  embry- 
ology of  Echini,  we  shall  be  better  prepared  to  understaiKl 
their  structure  and  the  affinities  of  the  ralaechinidas  with  the 
Echini  of  the  present  day  and  their  immediate  predecessora 

[To  be  oontinued.] 
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RT.  XXXIIL — New  Planetary  NtbulcB ;   by  Edward  C. 

Pickering. 

ilEASUREMENTS  of  the  light  of  the  planetary  nebulae  have 
5n  made  during  the  past  year  with  the  fifteen-inch  telescope 
the  Harvard  College  Observatory.  In  connection  with  these 
©rvations  the  spectrum  of  each  nebula  has  also  been  exam- 
d.  A  s'pectroscope  of  the  usual  form  would  be  open  to 
ny  objections  for  this  work,  especially  as  it  must  be  fre- 
3iitly  removed,  and  replaced  by  the  photometer.  Accord- 
ly  a  direct-vision  prism  was  placed  between  the  eye-piece 
I  objective  of  the  telescope,  thus  forming  a  spectroscope 
hout  a  slit  When  a  star  was  brought  into  any  part  of  the 
d  it  was  spread  out  into  a  colored  Tine  of  light,  the  rays  of 
h  wave-length  forming  an  image  of  the  star  in  a  diflferent 
ca  A  nebula,  on  the  other  hand,  being  mainly  monochro- 
tic,  would  form  a  point  or  small  disk  of  light,  while  a  minute 
ster  would  give  a  spectrum  like  that  of  a  star.  The  differ- 
)e  in  these  appearances  is  so  marked  that  the  idea  suggested 
ilf  that  this  aevice  might  serve  to  detect  any  minute  plan- 
ry  nebulse,  which  could  not  otherwise  be  distinguished  from 
rs.  Accordingly  a  systematic  search  for  such  bodies  was 
lertaken.     A  power  of  about  140  is  employed  with  a  field 

in  diameter.  The  telescope  is  clamped  in  right  ascension 
1  moved  through  5*^  in  declination.  This  is  repeated  so 
juently  that  the  successive  sweeps  shall  overlap,  the  region 
itinually  varying  by  the  diurnal  motion.  Great  numbers 
stars  pass  through  the  field  and  are  spread  out  into  lines, 
e  position  of  any  object  presenting  a  difierent  appearance  is 
once  determined  by  observing  the  declination  and  time, 
e  position  of  bright  stars  are  also  observed  to  furnish  correc- 
is  for  the  limits  of  the  zone.  Various  precautions  must  be 
en;  for  instance,  if  the  spectra  run  north  and  south,  the 
3S  cannot  be  distinguishea  from  points,  when  the  telescope 
Qoved,  owing  to  the  persistence  of  vision.  The  prism  is  there- 
3  always  turned  so  that  the  direction  of  the  spectra  shall  be 
pendicular  to  the  line  of  motion.  Even  then  the  eye  is 
istantly  deceived  and  an  object  thought  to  be  a  nebula  is 
n  to  be  a  star  when  the  telescope  is  stopped.  The  retina 
)ears  to  be  especially  sensitive  to  rays  of  particular  wave- 
gths.  The  strain  upon  the  eye  and  mind  in  examining  so 
ny  objects,  several  a  second,  renders  this  work  very  fatigu- 

and  I  have  found  it  best  not  to  continue  it  for  more  than 
f  an  hour  without  an  intermission.  A  count  of  the  number 
3tars  to  be  seen  at  a  time  in  fields  taken  at  random  shows 
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that  the  spectra  of  over  ten  thousand  stars  are  often  examined 
in  this  time. 

The  first  sweep  was  made  on  July  18,  and  revealed  in  a  few 
minutes  a  bright  point  of  light  wholly  unlike  the  lines  formed 
by  the  stars.  This  proved  to  be  a  new  planetary  nebula  having 
the  position  for  1880  R  A.  18»*  25-2"^  and  Dec.  -25°  13'.  Its 
disk  is  so  small  that  it  can  scarcely  be  distinguished  from  a 
star  and  would  not  probably  have  been  detected  with  an 
ordinary  eye-piece  even  if  brought  into  the  field  of  view. 
Measures  of  its  light  show  that  it  is  about  eight  ma^itudes 
fainter  than  i  Sagittarii  or  of  about  the  eleventh  magnitude  on 
the  scale  of  Pogson.  The  next  evening  another  new  nebula 
was  found  somewhat  fainter  than  this,  but  with  a  larger  disk. 
Its  position  for  1880  is  R.  A.  19"  4-8°^  and  Dec.  -28°  12'. 
This  region  was  selected  sinxje  it  contains  four  of  the  fifty  pre- 
viously known  planetary  nebulae.  Sweeps  on  several  suW 
quent  evenings  m  this  vicinity  and  elsewhere  revealed  nothing 
new. 

On  August  28  an  object  entered  the  field  having  a  very 
singular  spectrum.  Two  bright  bands  were  seen  near  the 
ends  of  a  faint  continuous  spectrum.  The  position  of  this 
object  for  1880  was  found  to  be  R.  A.  18**  1"*  17',  Dec.  -21°  16'. 
It  therefore  is  identical  with  the  star  Oeltzen  No.  1768L 
Its  position  was  observed  once  by  Argelander  and  twice  in 
the  Washington  zones.  It  must  therefore  have  had  nearly 
its  present  position  and  brightness  over  thirty  years  ago.  ft 
appears  to  oe  slightly  fainter  than  Oeltzen  No.  17648  which 
precedes  it  about  a  rninute  and  is  4'  nortb,  so  that  even  a  small 
change  in  its  light  can  be  easily  detected  hereafter.  A  careful 
examination  of  the  spectrum  snows  that  the  bright  portions  are 
longer  than  they  are  wide,  and  accordingly  that  they  are  bands  . 
and  not  lines.  This  view  was  confirmed  by  attaching  a 
spectroscope  of  the  usual  form  to  the  telescope.  The  less 
refrangible  band  extends  from  the  wave-length  5800  to  5860, 
the  other  from  4670  to  4780.  A  third  band  was  suspected  at 
about  5400.  All  these  measures  are  only  approximate,  and 
should  be  repeated  at  some  observatory  wnere  spectroscopy  is 
made  a  special  study.  A  large  telescope  is  needed,  since  at 
best  the  spectrum  of  so  faint  a  star  will  not  be  easily  measured. 
It  will  be  noticed  that  the  first  of  these  bands  is  in  the  yellow 
not  far  from  the  D  line,  but  of  somewhat  less  wave-length. 
The  other  band  is  in  the  blue  between  the  F  and  G  linea 
This  spectrum  is  unlike  that  of  any  other  source  of  light  so  far 
as  is  yet  known.  It  is  difficult  to  know  in  what  class  to  place 
this  body.  From  its  spectrum  of  bright  bands  on  a  faint  con- 
tinuous back-ground,  we  might  place  it  with  the  nebulsB,  sinoe 
most  of  the  planetary  nebulsB  seem  to  have  a  faint,  continaoos 
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spectrnm  not  due  to  the  presence  of  stars  in  their  vicinity. 
The  material  of  which  this  object  is  composed  must,  however, 
be  different  On  the  other  hand,  it  resembles  a  star  in  other 
respects,  showing  no  disk  and  having  a  much  greater  intrinsic 
brightness  than  other  nebulsa. 

The  fourth  new  object  was  discovered  on  September  2,  and 
consists  of  a  very  minute  nebula  in  R.  A.,  18^  14 '8"*  and  Dec. 
—26®  58'.  This  is  the  smallest  planetary  nebula  known  and 
could  not  be  distinguished  from  a  thirteenth  magnitude  star  in 
an  ordinary  telescope.  The  difference  between  it  and  a  star 
is,  however,  very  marked  in  the  prism,  and  had  it  been  a  mag- 
nitude fainter  its  peculiar  character  would  probably  have  been 
detected. 

It  is  estimated  that  the  spectra  of  about  a  hundred  thousand 
stars  have  so  far  been  examined,  although  only  about  one 
hundredth  part  of  the  heavens  has  as  jet  been  explored.  A 
more  rapid  survey  of  the  whole  heavens  is  also  being  made  with 
a  oomet-seeker   of  about  four-inches  aperture,  to  show   the 

Eresence   or  absence  of   peculiarities  in   the   spectra  of   the 
rightest  stare. 

Gfunbridge,  IJ.  S.,  Sept  *!,  1880. 


Abt.  XXXIV. — On  the  Production  and  Reproduction  of  Sound 
by  Light;  by  Alexander  Graham  Bell,  Ph.D. 

[Reed  beforo  the  American  Association  for  the  Advancement  of  Science,  in  Bos- 
ton, August  27,  1880.] 

In  bringing  before  you  some  discoveries  made  by  Mr.  Sum- 
ner Tainter  and  myself,  which  have  resulted  in  the  construction 
of  apparatus  for  the  production  and  reproduction  of  sound  by 
means  of  light,  it  is  nece^^sary  to  explain  the  state  of  knowl- 
edge which  formed  the  starting  point  of  our  experiments. 

I  shall  first  describe  that  remarkable  substance  "selenium," 
and  the  manipulations  devised  by  previous  experimenters ;  but 
the  final  result  of  our  researches  has  widened  the  class  of  sub- 
stances sensitive  to  light  vibrations,  until  we  can  propound 
the  fact  of  such  sensitiveness  being  a  general  property  of  all 
matter. 

We  have  found  this  property  in  gold,  silver,  platinum,  iron, 
Bteel,  brass,  copper,  zinc,  lead,  antimony,  german-silver,  Jenk- 
in's  metal,  Babbitt's  metal,  ivory,  celluloid,  gutta-percha,  hard 
robber,  soft  vulcanized  rubber,  paper,  parchment,  wood,  mica, 
iDd  silvered  glass ;  and  the  only  substances  from  which  we 
have  not  obtained  results,  are  carbon  and  thin   microscope 

*  Later  experiments  have  shown  that  these  are  not  exceptions. 

Ax.  JouB.  Soi.— Thibd  Sbbibs,  Vol.  XX,  No.  118.— Oor.,  1880. 
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We  find  that  when  a  vibratory  beam  of  light  falls  upon  these 
substances  Oiey  emit  sounds,  the  pitch  of  which  depends  upon 
the  frequency  of  the  vibratory  change  in  the  light  We  find 
farther,  that  when  we  control  the  form  or  character  of  the 
light,  vibrations  on  selenium  (and  probably  on  the  other  sub- 
stances), we  control  the  quality  of  the  sound,  and  obtain  all 
varieties  of  articulate  speech. .  We  can  thus,  without  a  con- 
ducting wire  as  in  electnc  telephony,  speak  from  station  to  sta- 
tion wherever  we  can  project  a  beam  of  light  We  have  not 
had  the  opportunity  of  testing  the  limit  to  which  this  photo- 

Ehonic  effect  may  be  extended,  but  we  have  spoken  to  and 
*om  points  218  meters  apart;  and  there  seems  no  reason  to 
doubt  that  the  results  will  be  obtained  at  whatever  distance  a 
beam  of  light  can  be  flashed  from  one  observatory  to  another. 
The  necessary  privacy  of  our  experiments,  hitherto,  has  alone 
prevented  any  attempts  at  determining  the  extreme  distance  at 
which  this  new  method  of  vocal  communication  will  be  avail- 
able. 

I  shall  now  speak  of  selenium. 

Selenium. — In  the  year  1817,  Berzelius  and  Gottlieb  Gahn 
made  an  examination  of  the  method  of  preparing  sulphuric 
acid  in  use  at  Gripsholm.  During  the  course  of  this  examina* 
tion  they  observed  in  the  acid  a  sediment  of  a  partly  reddish, 
partly  clear  brown  color,  which  under  the  action  of  the  blow- 
pipe  ^ave  out  a  peculiar  odor,  like  that  attributed  by  Klaprotl 
to  tellurium. 

As  tellurium  was  a  substance  of  extreme  rarity,  Berzelins 
attempted  its  production  from  this  deposit,  but  he  was  unable 
after  many  experiments  to  obtain  farther  indications  of  its 
presence.  He  found  plentiful  signs  of  sulphur  mixed  with 
mercury,  copper,  tin,  zinc,  iron,  arsenic  and  lead,  but  no  trace 
of  tellurium. 

It  was  not  in  the  nature  of  Berzelius  to  be  disheartened  by 
this  result  In  science  every  failure  advances  the  boundary  of 
knowledge  as  well  as  every  success ;  and  Berzelius  felt  that  if 
the  characteristic  odor  that  had  been  observed  did  not  proceed 
from  tellurium,  it  might  possibly  indicate  the  presence  of  some 
substance  then  unknown  to  the  chemist  Urged  on  by  this 
hope  he  returned  with  renewed  ardor  to  his  work. 

He  collected  a  great  quantity  of  the  material  and  submitted 
the  whole  mass  to  various  chemical  processes.  He  succeeded 
in  separating  successively  the  sulphur,  the  mercury,  the  copper, 
the  tm  and  the  other  known  substances,  whose  presence  had 
been  indicated  by  his  tests;  and  after  all  these  had  been 
eliminated,  there  still  remained  a  residue,  which  proved  upoo 
examination  to  be  what  he  had  been  in  search  of — a  new 
eletnentary  sttbaiance. 
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The  chemical  properties  of  this  new  element  were  found  to 
resemble  those  of  tellurium  in  such  a  remarkable  degree  that 
Berzelius  gave  to  the  substance  the  name  of  "  selenium,"  from 
the  Greek  word  tnhjvijy  the  moon,  ("  tellurium,"  as  is  well 
known,  bein^  derived  from  tellies,  the  earth).  Although  tellu- 
rium and  selenium  are  alike  in  many  respects,  they  difiFer  in 
their  electrical  properties ;  tellurium  being  a  good  conductor  of 
electricity,  and  selenium,  as  Berzelius  showed,  a  non-conductor. 

Knox*  discovered  in  1887,  that  selenium  became  a  con- 
ductor when  fused ;  and  HittorflFf  in  1851,  showed  that  it 
conducted  at  ordinary  temperatures  when  in  one  of  its  allo- 
tropic  forms. 

When  selenium  is  rapidly  cooled  from  a  fused  condition  it  is 
a  non-conductor.  In  this,  its  "  vitreous  "  form,  it  is  of  a  dark 
brown  color,  almost  black  by  reflected  light,  having  an  exceed- 
ingly brilliant  surface.  In  thin  films  it  is  transparent,  and 
appears  of  a  beautiful  ruby  red  by  transmitted  light 

When  selenium  is  cooled  from  a  fused  condition  with  extreme 
slowness,  it  presents  an  entirely  different  appearance,  being  of  a 
dull  lead  color,  and  having  throughout  a  granular  or  crystal- 
line structure  and  looking  like  a  metal.  In  this  form  it  is 
opaque  to  light  even  in  very  thin  films.  This  variety  of 
selenium  has  long  been  known  as  "granular"  or  "crystal- 
line '*  selenium  ;  or  as  Regnault  called  it,  "  metallic  "  selenium. 
It  was  selenium  of  this  kind  that  HittorfF  found  to  be  a  con- 
ductor of  electricity  at  ordinary  temperature. 

He  also  found  that  its  resistance  to  the  passage  of  an  electri- 
cal current  diminished  continuously  by  heating  up  to  the  point 
of  fusion  ;  and  that  the  resistance  suddenly  increased  in  passing 
from  the  solid  to  the  liquid  condition.^ 

It  was  early  discovered  that  exposure  to  sunlight  §  hastens 
the  change  oi  selenium  from  one  allotropic  form  to  another; 
and  this  observation  is  significant  ii^  the  light  of  recent 
discoveries. 

Although  selenium  has  been  known  for  the  last  sixty  years, 
it  has  not  yet  been  utilized  to  any  extent  in  the  arts,  and  it  is 
still  consiaered  simply  as  a  chemical  curiosity.  It  is  usually 
supplied  in  the  form  of  cylindrical  bars.  These  bars  are  some- 
times found  to  be  in  the  metallic  condition,  but  more  usually 
they  are  in  the  vitreous  or  non-conducting  form. 

It  occurred  to  "Willoughby  Smith  that,  on  account  of  the 
high  resistance  of  crystalline  selenium,  it  might  be  usefully 
employed  at  the  shore-end  of  a  submarine  cable,  in  his  system 

♦  Tnia&  Roy.  Iriah  Acad.  (1839),  xix,  U1 ;   also  Phil.  Mag.  m,  xvi,  186. 
Pogg.  Ann.,  Izzxiv,  214;  also  Phil.  Mag.,  lY,  ill,  646. 
See  Draper  and  Moss  in  Proc.  R07.  Irish  Acad.,  Nov.  1873,  U,  vol.  i,  p.  529. 
6melin*8  Handbook  of  Chemistiy  (1849,)  ii,  236 ;   see  also  Hittorff  in  the 
PhiL  Mag.  (1842,)  lY,  ill,  547. 
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of  testing  and  signaling  daring  the  process  of  submersion. 
Upon  experiment  the  selenium  was  found  to  have  all  the 
resistance  required ;  some  of  the  bars  employed  measuring  as 
much  as  1400  megohms — a  resistance  equivalent  to  that  which 
would  be  offered  by  a  telegraph  wire  long  enough  to  reach 
from  the  earth  to  the  sun  I  But  the  resistance  was  lound  to  be 
extremely  variabla  Efforts  were  made  to  ascertain  the  cause 
of  this  variability,  and  it  was  discovered  that  the  resistance  io<u 
less  when  the  selenium  was  exposed  to  light  than  when  it  was  in  the 
dark  I 

This  observation  was  first  made  by  Mr.  May* — (Mr.  Wil- 
loughby  Smith's  assistant,  stationed  at  Valentia) — was  soon 
verified  by  a  careful  series  of  experiments,  the  results  of  which 
were  communicated  by  Mr.  Willoughby  Smith f  to  the  Society 
of  Telegraph  Engineers,  on  the  17th  of  February,  1878. 
Platinum  wires  were  inserted  into  each  end  of  a  bar  of  crystal- 
line selenium,  which  was  then  hermetically  sealed  in  a  glass 
tube  through  the  ends  of  which  the  platinum  wires  projected 
for  the  purpose  of  connection.  One  of  these  bars  was  placed 
in  a  box,  the  lid  of  which  was  closed  so  as  to  shade  the  sele- 
nium, and  the  resistance  of  the  substance  was  measured. 

Upon  opening  the  lid  of  the  box  the  resistance  instantane- 
ously diminished.  When  the  light  of  an  ordinary  gas  burner 
(which  was  placed  at  a  distance  of  several  feet  from  the  bar,) 
was  intercepted  by  shading  the  selenium  with  the  hand,  the 
resistance  again  increased  ;  and  upon  passing  the  light  through 
rock  salt,  and  through  glasses  of  various  colors,  the  resistance 
was  found  to  vary  according  to  the  amount  of  light  transmitted. 
In  order  to  bQ  certain  that  temperature  had  nothing  to  do  with 
the  effect,  the  selenium  was  placed  in  a  vessel  of  water  so  that 
the  light  had  to  pass  through  a  considerable  depth  of  water  in 
order  to  reach  tne  selenium.  The  effects,  however,  were  the 
same  as  before.  When  a  strong  light  from  the  ignition  of  a 
narrow  band  of  magnesium  was  neld  about  nine  inches  above 
the  water,  the  resistance  of  the  selenium  immediately  fell  more 
than  two-thirds,  returning  to  the  normal  condition  upon  the 
removal  of  the  light 

The  announcement  of  these  results  naturally  created  an 
intense  iiUerest  among  scientific  men,  and  letters  of  enquiry 
regarding  the  details  of  the  experiment  soon  appeared  in  the 
columns  of  Nature,  from  Harry  Napier  Draper  J  and  Lieut 
M.  L.  Sale,§  which  were  answered  in  the  next  number  by  Wil- 
loughby Smith.  I 

*  See  lecture  by  Siemens  in  Proc.  Roj.  Inst,  of  Great  Britain,  vol.  viii,  p.  68. 
t  Jour,  of  Soc.  of  Teleg.  Kngin.,  ii,  p.  31  (1873);  Nature,  vii,  303;  Teleg.  Jour- 
nal, m,  (1873),  V,  301. 

X  Nature,  vii,  340,  March  6th,  1873.  g  Ibid. 

I  Nature,  vii,  361,  March  13th,  1873. 


A.  O.  Bellr^Producitan  of  Sound  by  Light  809 

Sale  and  Draper  were  soon  able  to  corroborate  the  statements 
that  had  been  made  by  Willoughbj  Smith. 

Sale*  presented  his  researches  to  the  Royal  Society  on  the 
8th  of  May,  1878,  and  in  the  following  November,  Draper  f 
presented  bis  results  to  the  Boyal  Irish  Academy  in  the  shape 
of  a  joint  paper  by  himself  and  Bichard  J.  Moss. 

Draper  an^Moas  gave  in  their  paper  an  admirable  summary 
of  the  condition  of  our  knowledge  regarding  selenium  at  that 
time.  They  confirmed  Hittorff 's  observation  that  the  tempera- 
ture of  minimum  resistance  of  granular  selenium  was  some- 
where about  210®  C.  and  that  at  217''  C.  (the  fusing  point),  the 
resistance  suddenly  increased.  They  carried  the  temperature 
to  a  still  higher  pomt  than  Hittorff  bad  done,  and  found  that 
the  resistance  again  diminished,  reaching  a  second  minimum 
at  250®  C. 

During  the  course  of  their  experiments  they  produced  a 
variety  of  granular  selenium  not  diflferent  in  appearance  from 
other  specimens  but  having  different  electrical  properties.  In 
this  form  the  resistance  became  greater  instead  of  less  when  the 
temperature  was  raised. 

They  also  used  thin  plates  of  selenium  instead  of  the  cylin- 
drical bars  formerly  employed,  and  found  great  advantage  from 
the  increased  sensitiveness  of  the  former  to  light 

Sale  found  upon  exposing  selenium  to  the  action  of  the  solar 
spectrum  that  the  maximum  efTect  was  produced  just  at  or  out- 
side the  extreme  edge  of  the  red  end  of  the  spectrum  at  a  point 
nearly  coincident  with  the  maximum  of  the  heat  rays,  thus 
rendering  it  uncertain  whether  the  effect  was  due  to  light  or  to 
radiant  heat 

In  the  winter  of  1878-4  the  Earl  of  RosseJ  attempted  to  de- 
cide this  question  by  comparing  the  selenium  effects  with  the 
indications  of  the  thermopile.  He  exposed  selenium  to  the 
action  of  non-luminous  radiations  from  hot  bodies,  but  could 
produce  no  effect ;  whereas,  a  thermopile  under  similar  condi- 
tions gave  abundant  indications  of  a  current 

He  also  cut  off  the  heat  rays  of  low  refrangibility  from 
luminous  bodies  by  the  interposition  of  glass  and  alum  between 
the  selenium  and  the  source  of  light  without  materially  affecting 
the  result;  but  when  the  thermopile  was  employed  the  greater 
portion  of  the  heat-effect  was  cut  off. 

♦  Proc  IU)y.  Soa,  xxi,  283 ;  see  also  Pogg.  Ann.,  cl,  333 ;  Phil.  Mag.,  IV,  xlvii, 
316;  Nature,  viii,  134. 

f  Proa  R07.  Irish  Acad.,  II,  Nov.  10th,  1873,  1,  529 ;  see  also  a  oommunication 
from  Ridiard  J.  Moss  to  Nature,  Aug.  12th,  1875,  zii,  291 ;  being  an  answer  to  a 
letter  from  J.  K  BL  Gk>rdon  upon  the  "  Anomalous  behavior  of  Selenium,"  pub- 
lished in  that  journal  on  the  8th  of  July,  1875 ;  see  vol  xii,  p.  187. 

I  PfaiL  Mag.,  IV,  March,  1874,  zlvii,  161 ;  see,  also,  this  Journal,  m,  vii,  512. 
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Later,  Prof.  W.  G.  Adams,*  of  Kings  Collie,  took  up  the 
question,  and  his  experiments  seemed  to  prove  conclusively 
that  the  action  was  due  principally,  if  not  entirely,  to  those 
rays  of  the  spectrum  which  were  luminous,  and  that  the  ultra- 
red  or  the  ultra-violet  rays  had  little  or  no  effect. 

This  conclusion  was  supported  by  the  marked  effect  pro- 
duced by  the  light  of  the  moon,  and  by  the  apparent  insensi- 
tiveness  of  selenium  to  rays  passed  through  a  solution  of  iodine 
in  bisulphide  of  carbon.  He  found  that  the  maximum  effect 
was  produced  by  the  greenish-yellow  rays,  and  showed  that  the 
intensity  of  the  action  depended  upon  the  illuminating  power  of  the 
lights  being  directly  as  the  square  root  of  that  iUuminaiing  power. 

Professor  Adams  and  Mr.  B.  E.  Dayf  continued  these 
researches,  and  among  other  interesting  and  suggestive  resultB, 
discovered  that  light  produces  in  selenium  an  electromotive 
force  without  the  aid  of  a  battery. 

The  most  sensitive  variety  oi  selenium  that  has  yet  been 

Eroduced  was  obtained  in  Germany  by  Dr.  Werner  Siemeos, 
y  continued  heating  for  some  hours  at  a  temperature  of  210^ 
C,  followed  by  extremely  slow  coolinc. 

Dr.  C.  W.  Siemens,^  in  a  lecture  delivered  before  the  Boyal 
Institution  of  Great  Britain,  on  the  18th  of  February,  1878, 
stated  that  his  brother's  modification  of  selenium  was  so  sensi- 
tive to  light  that  its  conductivity  was  fifteen  times  as  great  in 
sunlight  as  it  was  in  the  dark. 

In  Werner  Siemens'§  experiments  special  arrangements  were 
made  for  reducing  the  resistance  of  the  selenium. 

For  this  purpose  two  fine  platinum  wires  were  coiled  into  a 
double  fiat  spiral  and  were  laid  upon  a  plate  of  mica,  so  that 
they  did  not  come  into  contact  with  one  another.  A  drop  of 
melted  selenium  was  then  placed  upon  the  platinum  wire 
arrangement  and  a  second  sheet  of  mica  was  pressed  upon  the 
selenium  so  as  to  cause  it  to  spread  out  and  fill  the  spaces 
between  the  wires.  Each  cell  was  about  the  size  of  a  silver 
dime.  The  cells  were  then  placed  in  a  paraffine  bath  and 
annealed. 

Siemens  devised  other  arrangements  of  apparatus  for  reducing 
the  resistance.     In  the  form  known  as  "Siemens*  Grating,'' the 

*  Proc  Roy.  Soc,  June  llih^  1876,  xziii,  636 ;  see,  also,  Proa  Roj.  Soc,  Jan. 
6th,  1876,  xxiy.  163;  Nature,  Jan.  20th,  1876,  xiii,  238;  Nature,  Mar.  23d,  1876^ 
xiii,  419 :  Scient  Amer.  Supplement,  June  3d,  1876,  i,  364. 

5  Proc.  Roy.  Soc,  June  16th,  1876,  xxv,  113. 
Proc.  Roy.  Inst  Gt  Brit.,  Feb.  18th,  1876,  viii,  68 ;  see,  also,  Natore,  xiii, 
407  ;  Scient  Amer.  Supplement,  Apr.  Ist,  1876,  i,  222;  Scient  Amer.  Sapplemeot, 
June  10th.  1876,  i,  375. 

^  Monatsbericht  der  Kon.  preuss.  Akad.  der  Wissenscfaaften  zu  Berlin  for  18T5, 
p.  280;  Phil  Mag.,  Nov.  1875,  IV,  1,  416;  Nature,  Dea  9th,  1876,  xiii,  112;  tfoo* 
atsber.  Berl.  Akad.,  Feb.  17,  1876;  Po^.  Ann.,  dix,  117;  Monatab.  Beii  Akai, 
June  7,  1877 ;  Pogg.  Ann.,  1877,  ii,  621. 
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two  wires,  instead  of  being  coiled  together,  were  arranged  in  a 
zig-za^  shape,  forming  a  sort  of  platinam  gridiron. 

This  was  treated  in  the  same  way  as  the  spiral  arrangement 
Another  form  of  cell  consisted  of  a  sort  of  lattice-work  or 
basket-work  of  platinum  wires  arranged  upon  a  perforated  mica 
plate,  the  wires  interlacing  with  one  another,  and  with  the  mica 
plate  so  as  to  make  metallic  contact  only  with  alternate  wires. 
He  also  found  that  iron  and  copper  might  be  employed,  instead 
of  platinum. 

Without  dwelling  further  upon  the  researches  of  others  I 
may  say  that  all  ooservations  concerning  the  eflfect  of  light 
upon  the  conductivity  of  selenium  have  been  made  by  nieans  of 
the  galvanometer,  but  it  occurred  to  me  that  the  telephone, 
from  its  extreme  sensitiveness  to  electrical  influences,  might  be 
substituted  with  advantage.  Upon  consideration  of  the  sub- 
ject, however,  I  saw  that  the  experiments  could  not  be  con- 
ducted in  the  ordinary  way,  for  the  following  reasons :  The 
law  of  audibilitjr  of  the  telephone  is  precisely  analogous  to  the 
law  of  electric  induction.  No  effect  is  produced  during  the 
passage  of  a  continuous  and  steady  current.  It  is  only  at  the 
moment  of  change  from  a  stronger  to  a  weaker  state,  or,  vice 
versa^  that  any  audible  effect  is  produced ;  and  the  amount  of 
effect  is  exactly  proportional  to  the  amount  of  variation  in  the 
current 

It  was,  therefore,  evident  that  the  telephone  could   only 
respond  to  the  effect  produced  in  selenium  at  the  moment  of 
change  from  light  towards  darkness,  or,  vice  versa^  and  that  it 
would  be  advisable  to  intermit  the  light  with  great  rapidity  so 
as  to  produce  a  succession  of  changes  in  the  conductivity  of  the 
selenium,  corresponding  in   frequency  to  musical  vibrations 
within  the  limits  of  the  sense  of  hearing.     For  I  bad  often 
noticed  that  currents  of  electricity,  so  feeble  as  hardly  to  pro- 
duce any  audible  effects  from  a  telephone  when  the  circuit  was 
simply  opened  and  closed,  caused  very  perceptible  musical 
flouncis  wnen  the  circuit  was  rapidly  interrupted ;  and  that  the 
higher  the  pitch  of  the  sound  the  more  audible  was  the  effect 
I  was  much  struck  by  the  idea  of  in  this  way  producing  sound 
by  the  action  of  light 

I  proposed  to  pass  a  bright  light  through  one  of  the  orifices 
in  a  penorated  screen  consisting  of  a  circular  disc  or  wheel  with 
holes  near  the  circumference.  Upon  rapidly  rotating  the  disc 
an  intermittent  beam  of  light  would  fall  upon  the  selenium  and 
a  musical  tone  should  be  produced  from  the  telephone,  the 
pitch  of  which  would  depend  upon  the  rapidity  of  the  rotation 
of  the  disc. 

Upon  further  consideration  it  appeared  to  me  that  all  the 
audible  effects  obtained  from  variations  of  electricity  could  also 
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be  produced  by  variations  of  light,  acting  upon  seleniom.  I 
saw  that  the  enect  could  not  only  be  produced  at  the  extreme 
distance  at  which  selenium  would  normally  respond  to  the 
action  of  a  luminous  body,  but  that  this  distance  could  be 
indefinitely  increased  by  the  use  of  a  parallel  beam  of  light,  so 
that  we  might  telephone  from  one  place  to  another  without  the 
necessity  of  a  conducting  wire  between  the  transmitter  and 
receiyer. 

It  was  evidently  necessary  in  order  to  reduce  this  idea  to 
practice,  to  devise  an  apparatus  to  be  operated  by  the  voice  of 
a  speaker,  by  which  variations  could  be  produced  in  a  parallel 
beam  of  li^ht,  corresponding  to  the  variations  in  the  air  pro- 
duced  by  the  voice. 

I  proposed  to  pass  light  through  a  perforated  plate  containing 
an  immense  number  of  small  orifices. 

Two  similarly  perforated  plates  were  to  be  employed.  One 
was  to  be  fixed  and  the  other  to  be  attached  to  the  center  of  t 
diaphragm  actuated  by  the  voice ;  so  that  the  vibration  of  the 
diaphragm  would  cause  the  movable  plate  to  slide  to  and  fro 
over  the  surface  of  the  fixed  plate,  thus  alternately  enlarging 
and  contracting  the  fi^e  orifices  for  the  passage  oi  light  In 
this  way  the  voice  of  a  speaker  could  control  the  amount  of 
light  passed  through  the  perforated  plates  without  completely 
obstructing  its  passage.  This  apparatus  was  to  be  placed  in 
the  path  of  a  parallel  beam  of  light,  and  the  undulatory  beam 
emerging  from  the  apparatus  could  be  received  at  some  distant 
place  upon  a  lens,  or  other  apparatus  by  means  of  which  it 
could  be  condensed  upon  a  sensitive  piece  of  selenium  placed 
in  a  local  circuit,  with  a  telephone  ana  galvanic  battery. 

The  variations  in  the  light  produced  by  the  voice  of  the 
speaker  should  cause  corresponaing  variations  in  the  electrical 
resistance  of  the  selenium  at  the  distant  place,  and  the  tele- 
phone in  circuit  with  the  selenium  should  reproduce  audibly 
the  tones  and  articulations  of  the  speaker's  voice. 

I  obtained  some  selenium  for  the  purpose  of  trying  the 
apparatus  described;  but  found  upon  experiment  that  its 
resistance  was  almost  infinitely  greater  than  that  of  any  tele- 
phone that  had  been  constructed ;  and  I  was  therefore  unable 
at  that  time  to  obtain  audible  effects  in  the  way  desired.  I 
believed,  however,  that  this  obstacle  could  be  overcome  by 
devising  mechanical  arrangements  for  reducing  the  resistance 
of  the  selenium,  and  by  constructing  special  telephones  for  the 
purpose. 

I  felt  so  much  confidence  in  this  that  in  a  lecture  delivered 
before  the  Roval  Institution  of  Great  Britain,  on  the  17th  of 
May,  1878,  I  announced  the  possibility  of  hearing  a  shadow  by 
means  of  interrupting  the  action  of  light  upon  seleniunL    A 
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few  days  afterwards  my  ideas  upon  this  subject  received  a  fresh 
impetus  by  the  announcement  made  by  Mr.  Willoughby 
Smith,*  before  the  Society  of  Telegraph  Engineer?,  that  he 
bad  heard  the  action  of  a  ray  of  light  falling  upK>n  a  bar  of 
crystalline  selenium  by  listening  to  a  telephone  in  circuit  with  it 

It  is  not  unlikely  that  the  publicity  given  to  the  speaking 
telephone  during  the  last  few  years,  may  have  suggested  to 
many  minds,  in  different  parts  of  the  world,  somewhat  similar 
ideas  to  my  own ;  indeed,  it  has  recently  come  to  my  knowl- 
edge that  a  writer  (J.  F.  W.,t  of  KewJ  on  the  18th  of  June, 
1878,  asked  the  readers  of  "  Nature  "  tnrough  the  columns  of 
that  periodical,  whether  anv  experiments  had  been  made  with 
a  telephone  in  circuit  with  a  selenium  galvanic  element  ar- 
rangea  as  in  Sabine's  selenium  battery  ]X  ^^d  suggested  that  it 
was  not  unlikely  that  sounds  would  lie  produced  in  a  telephone 
bv  the  action  of  light  of  variable  intensity  upon  a  selenium 
element  in  circuit  with  it. 

In  September  or  October,  1878,  Mr.  A.  C.  Brown,  of  London, 
submitted  to  me,  confidentially,  the  details  of  a  most  ingenious 
invention  of  his,  of  which  we  may  yet  hear  more.  This  inven- 
tion, although  entirely  different  from  my  own,  involved  the  use 
of  selenium  in  circdit  with  a  battery  and  telephone,  and  the 

f  reduction  of  articulate  speech  by  the  action  of  a  variable  light 
am  also  aware  that  Mr.  W.  D.  Sargent,  of  Philadelphia,  has 
had  some  ideas  of  a  similar  nature,  the  details  of  which  I  do  not 
know.     I  understood  from  Mr.  Sargent  that  he  proposed  sub- 
mitting selenium  to  the  influence  of  an  oscillating  beam  of 
light  which  should  be  sent  on  and  off  the  selenium  by  the 
action  of  the  voica    If  this  is  so  the  effect  produced  would  be 
only  of  an  intermittent  character  and  a  musical  tone,  not  speech, 
would  be  heard  from  the  telephone  in  circuit  with  the  selenium. 
Although  the  idea  of  producing  and  reproducing  sound  by 
the  action  of  light,  as  described  above,  was  an  entirely  original 
and  independent  conception  of  my  own,  I  recognize,  the  fact 
that  the  knowledge  necessary  for  its  conception  has  been  dis- 
seminated throughout  the  civilized  world,  and  that  the  idea 
may  therefore  have  occurred,,  independently,  to  many  other 
minds. 

I  have  stated  above  the  few  facts  that  have  come  under  my 
observation  bearing  upon  the  subject 

Ihe  /undamental  idea,  an  which  rests  the  possibility  of  produc- 

«g  speech  by  the  action  of  light,  is  the  conception  of  what  may  be 

krmed  an  undulatory  beam  of  light  in  contra-disiinction  to  a  merely 

nUermiUent  one. 

By  an  undulatory  beam  of  light  I  mean  a  beam  that  shines 

*  See  Journ.  of  Teleg.  Engin.,  May  23,  1878,  vii,  284. 

f  Nature,  xriii,  169.  X  Nature,  xrii,  512,  Apr.  25,  18*78. 
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continaoasly  upon  the  receiver,  but  the  intensity  of  which  upon 
that  receiver  is  subject  to  rapid  changes  corresponding  to  the 
changes  in  the  vibratory  movement  of  a  particle  of  air  during 
the  transmission  of  a  sound  of  definite  quality  through  the 
atmosphere.  The  curve  that  would  eraphically  represent  the 
changes  of  light  would  be  similar  in  mape  to  that  representing 
the  movements  of  the  air.  I  do  not  know  whether  this  con* 
ception  had  been  clearly  realized  by  J.  F.  W.,  of  Kew,  or  by 
Mr.  Sargent,  of  Philadelphia,  but  to  Mr.  A.  C.  Brown,  of 
London  is  undoubtedly  due  the  honor  of  having  distinctly  and 
independently  formulated  the  conception  and  of  haying  devised 
apparatus,  though  of  a  crude  nature,  for  carrying  it  into  execu- 
tion. 

It  is  greatly  due  to  the  genius  and  perseverance  of  my  friend, 
Mr.  Sumner  Tainter,  of  Watertown,  Mass.,  that  the  problem  of 

1)roducing  and  reproducing  sound  by  the  agencv  of  light  has  at 
ast  been  successf uUv  solved.  For  many  months  past  we  have 
been  devoting  ourselves  to  the  solution  of  this  problem  and  I 
have  great  pleasure  in  presenting  to  you  to-night  the  results  of 
our  labors. 

Jiesearches  of  Sumner  Tainter  and  Alexander  Oraham  BeU. 

The  first  point  to  which  we  devoted  our  attention  was  the 

reduction  of  the  resistance  of  crystalline  selenium  within  man- 
acceable  limits.  The  resistance  of  selenium  cells,  employed  b? 
farmer  experimenters,  was  measared  in  miUioDS  of  ohtns,  J 
we  do  not  know  of  any  record  of  a  selenium  cell  measuring 
less  than  250,000  ohms  in  the  dark. 

We  have  succeeded  in  producing  sensitive  selenium  cells 
measuring  only  800  ohms  in  the  dark  and  150  ohms  in  the  light 
All  former  experimenters  seemed  to  have  used  platinum  for 
the  conducting  part  of  their  selenium  cells,  excepting  Werner 
Siemens,  who  found  that  iron  and  copper  might  be  employed. 
We  have  discovered  that  brass,  although  chemically  acted  upon 
by  selenium,  forms  an  excellent  and  convenient  material ;  in- 
deed, we  are  inclined  to  believe  that  the  chemical  action  be- 
tween the  brass  and  selenium  has  contributed  to  the  low  resist- 
ance of  our  cells  by  forming  an  intimate  bond  of  union  be- 
tween the  selenium  and  brass. 

We  have  observed  that  melted  selenium  behaves  to  other 
substances  as  water  to  a  greasy  surface,  and  we  are  inclined  to 
think  that  when  selenitim  is  used  in  connection  with  metids 
not  chemically  acted  upon  by  it,  the  points  of  contact  between 
th^  selenium  and  the  metal  offer  a  considerable  amount  of  re- 
sistance to  the  passage  of  a  galvanic  current,  and  thus  serve  to 
increase  the  apparent  resistance  of  the  selenium. 

By  using  brass  we  have  been  enabled  to  construct  a  large 
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mber  tA  cells  of  different  fonn&  Time  will  odI^  admit  of 
r  showing  you  two  typical  forms.  One  of  these  is  abown  in 
LD  in  fig.  1,  and  in  section  in  fig.  2. 


This  oell  consists  of    two  brass  plates  insulated  from  one 
other  by  a  sheet  of  mica.     The  upper  plate  has  numerous 
rforations  and  brass  pins  attached  to  tne  lower  plate,  pass 
roagh  these  orifices  so  that 
nr  ends  without    touching 
3  upper  plate  are  fiush  with   I 
Burface. 

The  annular  spaces  between 
e  pins  and  the  ^ate  are  filled 
to  selenium.  The  whole  ar- 
ngement  forms  part  of  a  gal-  i 
,nic  circuit,  and  it  will  be 
served  that  the  current  can 
ily  pass  from  the  plate  to 
e  pins  through  the  selenium 

R  will  also  be  seen  that  ow- 
g  to  the  conical  shape  of  the 
irforatioDS  the  points  of  cloa- 
t  approximation  between  the 
ns  and  the  plate  are  on  the 
iper  surface.  As  the  effect  produced  by  light  upon  selenium 
chiefly  a  surface  action,  tbis  arrangement  is  found  to  be  of 
«at  advantage. 
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The  Becoad  typical  cell  is  ojlindrical  in  form,  for  the  parpose 
of  being  used  with  a  concave  reflector  instead  of  with  a  lens 
(see  fig.  3.) 

This  cell  is  composed  of  a  lai^e  number  of  metallic  discs 
separated  by  discs  of  mica  sHghtly  smaller  io  diameter.  The 
spaces  between  tbe  brass  discs  over  the  mica  are  filled  with 
seleoium,  and  the  alternate  brass  discs  are  metallically  con- 
Qected.  The  arrangement  practically  consists  of  a  large  num- 
ber of  annular  selenium  cells  united  in  mntiple  arc. 
The  mode  of  applying  the  selenium  is  as  follows: 
The  cell  is  heated,  and  when  hot  enough  a  stick  of  selenium 
is  rubbed  over  the  surface. 

In  order  to  acquire  conductivity  and  sensitiveness  the  sele- 
nium must  next  undergo  a  process  of  annealing. 
The  method  we  first  adopted  was  the  following  : 
The  seiecinm  cell  was  placed  with  a  thermometer  in  the  inte- 
rior of  the  cylindrical  annealing  chamber  shown  in  fig.  4. 

J  This  was  inserted  in  a 

I  pot  of  linseed  oil,  and  the 
latter  stood  upon  glass 
'  supports' within  another 
similar  pot  containing 
linseed  on.  Tbe  whole 
arrangement  was  then 
placed  over  a  gaa  stove 
and  heated  to  a  temper- 
ature of  about  214°  C, 
which  was  found  to  be  tbe 
temperature  of  mazimmn 
conductivity  for  the  sele- 
nium used. 

This    temperature  was 

retained  for  about  twenty- 

_=brtteryi  ati=ahiint;  G=g«l7»nometor.     four  hours,  and  tbe  pote, 

with  their  contents,  were    , 
then  packed  in  a  box  so  arranged  as  to  retard  radiation  of  heat 

Theseleninm  took  from  forty  to  sixty  hours  to  cool  down  to    '• 
the  temperature  of  the  ur. 

A  powerful  battery  carrent  was  passed  through  the  seleDiam 
during  the  whole  process  of  heating  and  cooling,  in  accord- 
ance with  our  theory  that  the  current  exerted  a  powerful  influ- 
ence in  causing  a  set  of  the  selenium  molecules,  and  in  retain- 
ing them  in  position  until  fixed  by  crystallization. 

A  shunted  galvanometer  was  introduced  into  the  circuit  for 
the  purpose  of  observing  the  changes  of  conductivity.  We 
subsequently  found  this  tedious  process  to  be  unnecessary,  as 
during  the  course  of  oor  experiments  we  discovered  a  method 
of  preparing  sensitive  selenium  in  a  very  few  minntea. 
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e  now  simply  heat  the  selenium  over  a  gas  stove  and  ob- 
>  ifs  appearanca  When  the  selenium  attains  a  certain 
erature,  the  beautiful  reflecting  surface  becomes  dimmed. 
>udiness  extends  over  it,  somewhat  like  the  film  of  mois- 
produced  by  breathing  upon  a  mirror. 
lis  appearance  gradually  increases  and  the  whole  surface  is 

seen  to  be  in  the  metallic,  granular,  or  crystalline  con- 
D.     The  cell  may  then  be  taken  off  the  stove  and  cooled  in 
mitable  way.     When  the  heating  process  is  carried  too  far, 
rystalline  selenium  is  seen  to  melt. 
ir  best  results  have  been  obtained  by  heating  the  selenium 

it  crystallizes  a^  stated  above,  and  by  continuing  the 
ng  until  signs  of  melting  appear,  when  the  gas  is  imme- 
ly  put  out 

e  portions  that  had  melted  instantly  re-crvstallize,  and  the 
ium  is  found  upon  cooling  to  be  a  conauctor,  and  to  be 
tive  to  light.  The  whole  operation  occupies  only  a  few 
tes.  This  method  has  not  only  the  advanta^  of  being 
litious,  but  it  proves  that  many  of  the  accepted  theories  on 
lubject  are  fallacious. 

rly  experimenters  considered  that  the  selenium  must  be 
led  from  a  fused  condition  with  extreme  downesa"  Later 
>rs  agree  in  believing  that  the  retention  of  a  high  tempo- 
e — short  of  the  fusing  point — and  slow  cooling — are  essen- 
md  the  belief  is  also  prevalent  that  crystallization  takes 

only  during  the  cooling  process. 

r  new  method  shows  that  fusion  is  unnecessary,  that  con- 
vity  and  sensitiveness  can  be  produced  without  long  heat- 
ind  slow  cooling ;  and  that  crystallization  takes  place 
ig  the  heating  process.  We  had  found  that  on  removing 
ource  of  heat,  immediately  on  the  appearance  of  the  cloudi- 
above  referred  to,  distinct  and  separate  crystals  can  be  ob- 
d  under  the  microcsope,  which  appear  like  leaden  snow 
s  on  a  ground  of  ruby  red. 

x)n  removing  the  heat  when  crystallization  is  further  ad- 
ed,  we  perceive  under  the  microscope  masses  of  these 
als  arranged  like  basaltic  columns,   standing   detached 

one  another — and  at  a  still  higher  temperature  the  dis- 

columns  are  no  longer  traceable,  but  the  whole  mass 
ahlea  metallic  pudding-stone  with  here  and  there  a  sepa- 
snow  flake,  like  a  fossil  on  the  surface.  Selenium  crystals 
ed  during  slow  cooling  after  fusion,  present  an  entirely 
rent  appearance,  showing  distinct  facets, 
nust  now  endeavor  to  explain  the  means  by  which  a  beam 
;ht  can  be  controlled  by  the  voice  of  a  speaker. 
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Photophonic  Tranmiitten. 

We  have  devised  upwards  of  fifty  forrna  of  apparatos  for 
varying  a  beam  of  light  in  the  manner  required,  but  only  a  few 
typical  varieties  need  be  described. 

(lat)  The  source  of  light  may  be  controlled,  or  (2Dd)  a  steady 
beam  may  be  modified  at  any  point  in  its  path. 

In  illustration  of  the  first  method  we  have  devised  several 
forms  of  apparatus  founded  upon  Koenig's  mauotnetric  capsule, 
operating  to  cause  variations  in  the  pressure  of  gaa  supplied  to 
a  burner,  bo  that  the  light  can  be  vibrated  by  the  voice. 

In  illustration  of  the  second  method  I  have  already  shown 
one  form  of  apparatus  bv  which  the  light  is  obstructed  in  a 
greater  or  less  degree,  in  its  passage  through  perforated  plates. 
But  the  beam  may  be  controllea  in  many  other  waya.  For 
instance,  it  may  be  polarized,  and  then  affected  by  electrical 
or  magnetical  influences  in  the  manner  discovered  by  Faraday 
and  Dr.  Kerr. 

Let  a  polarized  beam  of  li^ht  be  passed  through  a  solution 
of  bisulphide  of  carbon  contained  in  a  vessel  inside  a  helix  of 
insulated  wire,  through  which  is  passed  an  undulatory  current 
of  electricity  from  a  microphone  or  telephonic  transmitter  op- 
erated by  the  voice  of  a  speaker. 

The  passage  of  the  polarized  beam  should  be  normally  ftar- 
tiallv  oDstruuted  by  aI4'icols  prism,  and  the  varying  rotation 
of  tne  plane  of  polarization  would  allow  more  or  leas  of  the 
light  to  pass  through  the  prism,  thus  causing  an  andalatoiy 
beam  of  nght  capable  of  producing  speech. 

The  beam  of  polarized  light,  instead  of  being  pasaef   * 
a  liquid  could  be  reflected  irom  the  polished  pole  of  s 
magnet  in  circuit  with  a  telephonic  transmitter. 

Another  method  a('| 

ng  a  beam  of  light  W  t 

I   it  through  aleuB  (tf'n 

focus*  formed  of  two  I 

I  of  thin  glass  or  mioko 


ing  between  th»n  a  tnHMr 
I  ent  liquid  or  ga&  Thovnta- 
tions  of  the  voice  are  com- 
municated to  the  gaa  or  liq- 
'  uid,  thus  causing  a  TibntttHT 
change  in  the  convexity  of  the  glass  surfaces  and  a  correspond- 
ing change  in  the  intensity  of  the  light  received  npon  the  sen- 
sitive selenium.  We  have  found  that  the  simplest  form  of 
apparatus  for  producing  the  effect  consists  of  a  plane  Trunvr 
"  I  obserre  that  a  lens  of  similar  coDStmctioD  taM  been  iDTentod  in  Fnooe  b; 
Dr.  Cusco,  and  is  described  in  a  reoent  p^)er  in  "  I«  (Tfttura."  See,  alio,  Sci«L 
Amer.,  Aug.  28,  1S80,  zliii,  131.  Mr.  Tainter  and  I  have  used  such  a  leiM  In  am 
experimeoU  for  months  paat 
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of  fieaSAe  ■n^ierial,  rocb  as  silvered  mtco  or  mMTOrcope-yftiss, 
v^oinsl  the  had  of  which  the  tpeaker't  voice  ia  dvected,  as  shown 
in  the  diagram  (fig.  6). 

Light  refiected  from  such  s  miiror  is  thrown  into  vibrations 
corresponding  to  those  of  the  diaphragm  itsell  In  its  normal 
condition  a  parallel  beam  of  light  falling  upon  the  diaphragm 
mirror  woald  be  reflected  parallel.  Under  the  action  of  the 
voice  the  mirror  becomes  alternatelj  convex  and  concave,  and 
tfaas  alternately  scatters  and  condenses  the  light. 

When  crystalline  selenium  is  exposed  to  the  nndulatory 
beam  reflected  from  such  an  apparatus,  the  telephone  connected 
with  the  selenium  audibly  reproduces  the  articalation  of  the 
person  speaking  to  the  mirror. 

In  arranging  the  apparatus  for  the  purpose  of  reproducing 
sound  at  a  distance,  any  powerful  source  of  light  may  be  used, 
but  we  have  experimented  chieSy  with  sun-light. 

For  this  purpose,  a  large  beam  is  concentrated  by  means  of 
a  lens  upon  the  diaphragm  mirror  and  after  reSectiou  is  again 
renderea  parallel  by  means  of  another  lens.  The  beam  is  re- 
ouved  at  a  distant  station  upon  a  parabolic  reflector,  in  the 
focus  of  which  is  placed  a  sensitive  selenium  cell,  connected 
in  a  local  circuit  with  &  battery  and  telephone.  We  have  found 
it  advisable  to  protect  the  mirror  by  placing  it  out  of  the  focal 
pcnnt,  and  by  passing  the  beam  through  an  alum  cell,  as  shown 
mflg.-6. 


A  large  number  of  trials  of  this  apparatus  have  been  made 
with  the  transmitting  and  receiving  instruments  so  far  apart  that 
flOuoda  could  not  beneard  direcily  through  the  air.  In  illustra- 
tion I  shall  describe  one  of  the  moat  recent  of  these  experiments. 

Mr.Tainter  operated  the  transmitting  instrument,  which  was 
placed  on  the  top  of  the  Franklin  School  House  in  Washing- 
ton, and  the  sensitive  receiver  was  arranged  in  one  of  the  win- 
dows of  my  laboratory,  1825  L  Street,  at  a  distance  of  21S 
metersL 
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Upon  placing  the  telephone  to  my  ear,  I  heard  diatinctl; 
from  the  Ulumiaated  receiver  the  words: — "Mr.  Bell,  if  joa 
hear  what  I  aaj,  come  to  the  window  and  wave  yoar  hat" 

Id  laboratory  experiments  the  transmitting  and  receirinc 
inatmments  are  necessarily  within  ear-shot  of  one  another,  and 
we  have  therefore  been  accustomed  to  prolong  the  electric  cir- 
cuit connected  with  the  selenium  receiver,  so  as  to  place  the 
telephones  in  another  room. 

By  Ruch  experiments  we  hare  foond  that  artioolate  speech 
can  be  reproduced  by  the  oxyhydrogen  light,  and  eveD  by  the 
light  of  a  kerosene  lamp.  The  loudest  effects  obtained  from 
light  are  produced  by  rapidly  interrupting  the  beam. 

A  suitable  apparatus  for  doing  this  is  a  perforated  djac 
which  can  be  rapidly  rotated.  The  great  advanta^  of  thig 
form  of  apparatuy  for  experimental  work  is  the  noiBelesBncn 
of  its  operation,  admitting  of  the  close  approach  of  the  receiTer 
without  interfering  with  the  audibility  of  the  effect  beard  from 
the  latter — for  it  will  be  understood  that  musical  tone*  are 
emitted  from  the  receiver  when  no  sound  has  been  made  at  the 
transmitter.  A  t^ilent  motioii  thus  prtxluces  a  sound.  In  d^ 
way  musical  tones  have  been  heard  even  from  the  light  tti% 
candle.  .\  i 


When  distant  effects  are  sought  the  apparatus  can  hew 
ranged  as  shown  in  6g.  7. 

By  placing  an  opaque  8. 

screen  near  the  rotating 
disk  the  beam  can  be 
entirely  out  off  by  a 
alight  motion  of  the 
hand,  and  musical  sig- 
nals, like  the  dots  and 
dashes  of  the  Morse  tel 
©graph  code,  can  thus 
be  produced  at  the  dia 
tant  receiving  station. 
Such  a  screen  operated 
by  a  key  like  a  Mc 
been  operated  very  aucceaafufly. 


Thinter  and  BbB, — Production  of  Sound  by  Light        821 

perimenta  to  atcertain  th«  naturt  of  the  rays  that  ^ffeii 

aeleniutn. 
e  have  made  experiments  with  the  object-  of  aacertainiDg 
ature  of  the  rajB  that  affect  selenium.     For  this  purpose 
ave  placed  in  the  path  of  an  iatermittent  beam  various 
'bii^  substances. 

oL  Cross  has  been  kind  enough  to  give  his  assistance  in 
acting  these  experiments. 

ben  a  solution  of  alum,  or  bisulphide  of  carbon,  is  em- 
id,  the  loudness  of  the  sound  produced  bv  the  iutermit- 
beam  is  very  slightly  diminished,  but  a  solution  of  iodine 
julphide  of  carbon  cuts  off  most,  but  not  all,  of  the  audi- 
Sect  £ven  an  apparently  opaque  sheet  of  hard  rubber 
not  entirely  do  this. 

is  observation,  which  was  first  made  in  Washington,  D.  C., 
r.  Taiater  and  myself,  is  so  curious  and  suggestive  that  I 
n  fall  the  arrangement  for  studying  the  effect. 


en  a  sheet  of, hard  rubber,  A,  was  held  as  shown  in  the 
.m  (fig.  9)  tbe^ rotation  of  the  disc  or  wheel  B  interrupted 
was  then  an  invisible  beam,  which  passed  over  a  apace  of 
J  tneters  before  it  reached  the  lens  C,  which  finally  odd- 
Lted  it  upon  the  selenium  cell,  D. 

bmf  hutperfictly  percepiible  musical  tone  was  heard  from  the 
tme  connected  wim  the  selenium  that  could  be  interrupted 
1  by  placing  the  hand  in  the  path  of  the  invisible  beam. 
iroiud  be  premature  without  further  experiments  to  speo- 

llOO  moch  concerning  the  nature  of  these  invisible  rays ; 
I' ■  difficult  to  believe  that  they  can  be  heat  rays,  as  the 
'te  prodaced  through  two  sheets  of  hard  rubber  having 
Wfa  them  a  saturated  solntion  of  alum. 
Ihoogh  effects  are  produced,  as  above  shown,  by  forms  of 
iititae^y  which  are  invisible,  we  have  named  the  appara- 
IrAe  production  and  reproduction  of  sounds  in  this  way 

Fliotophone,"  because  an  .ordinary  beam  of   light  con- 

t^  mys  which  are  operative. 

lam.  BoL— Tbird  Sibiu,  Vol.  XX,  No,  118.— Oct.,  ISSO. 
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Non-Slectric  Pkotophonie  Seeeivert. 

It  is  a  well  known  fact  that  the  molecular  diattirbance,  pro- 
duced in  a  mass  of  iron  by  the  magnetizing  influence  of  an  in- 
tennittent  electrical  current,  can  be  obBerred  aa  soand  by  pbtc- 
ing  the  ear  in  close  contact  with  the  iron,  and  it  occurred  to  lu 
that  the  molecular  disturbance  produced  in  crystalline  seleniom 
by  the  action  of  an  intermittent  beam  of  light  should  be  audi- 
ble in  a  similar  manner  without  the  aid  of  a  telephone  or  bat- 
tery. Many  experiments  were  made  to  verify  this  theory,  but 
at  nrst  without  definite  resulta 

The  anomalous  behavior  of  the  hard  rubber  Bcreen  alluded 
to  above  suggested  the  thought  of  listening  to  it  also. 

This  experiment  was  tried  with  extraordinary  saccess.  I 
held  the  sheet  in  close  contact  with  my  ear  while  a  beam  of 
intermittent  light  was  focussed  upon  it  by  means  of  a  lens.  A 
distinct  musical  note  was  immediately  heard.  We  found  the 
effect  intensified  by  arranging  the  sheet  of  hard  rubber  at  a 
diaphragm,  and  listening  through  a  hearing  tube,  a&  shown  in 
&g.  10.  • 


We  then  tried  crystalline  selenium  in  the  form  of  a  thin 
disc  and  obtained  a  similar  but  less  intense  effect. 

The  other  substances,  which  I  enumerated  at  the  commence- 
ment of  my  address,  were  now  successively  tried  in  the  form 
of  tbiu  discs,  and  sounds  were  obtained  from  all  but  carboD 
and  thin  glass.* 

In  our  experiments,  one  interesting  and  suggestive  feature 
was  the  different  intensities  of  the  sound.?  produced  from  differ- 
ent substances  under  similar  conditions.  We  found  bard  rub- 
ber to  produce  a  louder  sound  than  any  other  substance  we 
tried,  excepting  antimony  and  zinc;  and  paper  and  mica  to 
produce  the  weakest  aounda 

On  the  whole,  we  feel  warranted  in  announcing  as  ourcon- 

cluaiona  that  sounds  can  be  produced  by  the  action  of  a  variaMe 

light  from  substances  of  all  kinds  when  in  the  form  of  ihin  rfu- 

*  We  have  since  obtained  porfecU;  ftiBlioot  tonns  from  carboa  and  thia  gliM. 
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phragms.  The  reftson  why  thin  diaphragms  of  the  various 
materials  are  more  effective  than  masses  of  the  same  suhstan- 
cea,  appears  to  be  that  the  molecular  disturbance  produced  by 
light  IS  chiefly  a  surrace  action,  and  that  the  vibration  has  to 
be  transmitted  through  the  mass  of  the  substance  in  order  to 
affect  the  ear. 

On  this  Bccoant  we  have  endeavored  to  lead  to  the  ear  air 
that  is  directly  in  contact  with  the  illuminated  surface,  by 
throwing  the  beam  of  light  upon  the  interior  of  a  tabe;  and 
very  promising  results  have  been  obtained.  Fig.  11  shows  the 
arrangement  we  have  tried.  We  have  heard  from  interrupted 
sunlight  very  perceptible  musical  tones  through  tubes  of  ordi- 
nary vulcanized  rubber,  of  brass,  and  of  wood.  These  were 
all  the  materials  at  hand  in  tubular  form,  and  we  have  had  no 
opportunity  since  of  extending  the  observations  to  other  sub- 
stances.* 


Tnm  extremely  glad  tliat  I  have  llie  opportunity  of  making 
flie  first  publication  of  these  researches  before  a  scientific 
society,  for  it  is  from  scientific  men  that  my  work  of  the  last 
six  ypars  has  received  its  earliest  and  kindest  recognition.  I 
gratefully  remember  the  encouragement  which  I  received  from 
the  late  Professor  Henry,  at  *  time  when  the  speaking  tele- 
phone existed  only  in  theory.  Indeed,  it  is  greatly  due  to  the 
stimulus  of  his  appreciation  that  the  telephone  became  an 
accomplished  fact 

I  cannot  state  too  highly  also  the  advantage  I  derived  in  pre- 
liminary experiments  on  sound  vibrations  in  this  building  from 
Professor  Cross,  and  near  here  from  my  valued  friend  Dr. 
Clarence  J.  Blake.  When  the  public  were  incredulous  of  the 
possibility  of  electrical  speech,  the  American  Academy  of 
Arts  and  Sciences,  the  Pbdosophieal  Society  of  Washington, 
and  the  Essex  Institute  of  Salem,  recognized  tlie  reality  of  the 
results  and  honored  me  by  their  congratulations.  The  public 
interest,  I  think,  was  first  awakened  by  the  judgment  of  the 

*  A  muaioftl  tono  can  be  heard  b;  throwing  the  intennittent  beam  of  light  into 
the  ear  itself.  IThiB  experiment  was  at  first  unsiicceeaful  on  account  of  Qie  posi- 
lioii  ID  which  the  ear  waa  held. 
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very  emineDt  scientific  men  before  whom  the  telephone  was  ex- 
hibited in  Philadelphia,  and  by  the  address  of  Sir  William 
Thomson  before  the  British  Association  for  the  Advancement 
of  Science.  At  a  later  period,  when  even  practical  telegraph- 
ers considered  the  telephone  as  a  mere  toy,  several  scientific 
gentlemen,  Professor  John  Pierce,  Professor  Eli  W.  Blake,  Dr. 
Channing,  Mr.  Clark  and  Mr.  Jones,  of  Providence,  R  L,  de- 
voted themselves  to  a  series  of  experiments  for  the  purpose  of 
assisting  me  in  making  the  telephone  of  practical  utility  ;  and 
they  communicated  to  me,  from  time  to  time,  the  results  of 
their  experiment  with  a  kindness  and  generosity  I  can  never 
forget,  it  is  not  only  pleasant  to  remember  these  things  and  to 
speak  of  them,  but  it  is  a  duty  to  repeat  them,  as  they  give  a 
practical  refutation  to  the  often  repeated  stories  of  the  blind- 
ness of  scientific  men  to  unaccredited  novelties,  and  of  their 
jealousy  of  unknown  inventors  who  dare  to  enter  the  charmed 
circle  of  science. 

I  trust  that  the  scientific  favor  which  was  so  readily  accorded 
to  the  Telephone  may  be  extended  by  you  to  this  uew  claim- 
ant—" The  Phataphone:' 
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W.  E.  Hidden. 

On  the  19th  of  July,  1879,  Mr.  Gray  W.  Harris,  while  out 
prospecting  for  gold,  on  his  land  near  Lick  Creek,  Davidson 
County,  NT  C,  found  an  unusually  heavy  stone  of  the  size  of 
a  large  pear,  which  he  at  first  mistook  for  a  specimen  of  iron 
ore.  On  attempting  to  break  it  he  found  that  the  stone  would 
not  break  but  was  covered  \^th  a  uniformly  thick  skin  or 
crust  which  scaled  off  under  repeated  blows  of  the  hammer. 

After  carefully  removing  all  ne  could  of  this  crust,  there  re- 
mained a  pear-shaped  mass  of  what  appeared  to  him  to  be  a 
pure  metal.  The  color  of  the  metal,  developed  b^  hammering, 
was  white,  and  this  led  him  to  conclude  that  it  was  silver. 
This  "  nugget  of  silver,"  as  he  called  it,  soon  had  a  wide  nolo- 
rietv  among  all  the  mining  camps  in  the  region. 

This  story,  substantially  as  above  related,  reached  me  at 
Concord,  N.  C.,  in  the  autumn  of  1879 ;  my  informants  were 
the  Messrs.  Richard  Eames,  Jr.  and  Sr.  They  had  seen  the 
"  nugget "  and  believed  it  to  be  iron,  perhaps  native  iron  ;  they 
had  noticed  that  the  "nugget "  had  what  Mr.  Eames,  Jr.,  aptlj 
termed  "night  sweats."     Little  beads  of   a  yellowish  fluid* 

*  Theso  watery  exudatious  I  have  myself  noticed  and  found  to  oonflist  of  chlo- 
ride of  iron.  w.  E.  el 
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would  gather  upon  its  surface  over  night,  which,  if  wiped  awaj, 
would  lorm  again  in  the  next  twenty-four  honrs. 

This  last  addition  to  the  story  of  the  "  silver  nugget "  con- 
vinced me  that  the  mass  was  really  meteoric  iron.  After  no 
little  trouble  and  expense  it  was  flnally  sent  to  Menlo  Park, 
N.  J.,  where  it  was  at  once  recognized  as  meUoric  iron.  But 
for  the  active  interest  taken  in  this  meteorite  by  the  Measra. 
Eames,  it  would  have  been  in  all  probability  lost  to  science  ; 
and  I  take  this  opportunity  to  express  my  indebtedness  to 
them. 

For  the  exact  size  and  appearance  of  this'  meteorite  see  cut* 
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It  weighed  when  received  here  1'24  kg,,  (=  2f  lbs.).  Ite 
outward  color  is  dark  brown,  not  rusty,  ana  some  little  of  the 
origiuDl  crust  yet  adheres  to  it  The  crust  of  this  meteorite  is 
of  unusual  importance  and  quite  unique,  as  illustrated  in  the 


n  DaTidfOD  OouDly,  N.  C,  Meleorile. 


accompanying  figures.  It  averages  1™  in  thickness  and  resem- 
bles a  hard,  dark  slate,  shows  a  lamellar  structure  and  readily 
breaks  into  flakes.  Some  cavities  in  this  crust  are  lined  wi^ 
mammillary  forms  and  it  has  many  seams  with  a  vitreous-like 
luster. 

Last  month  I  visited  the  spot  where  the  meteorite  was 
found  and  collected  about  six  ounces  of  the  crust.  It  lay 
there  exactly  as  Mr.  Harris  had  broken  it  o£  I  bad  no  fears 
of  mistake  in  identifying  this  crust  as  all  the  local  gravel  was 
composed  of  white  quartz  pebbles. 

This  iron  has  been  analyzed  by  Dr.  J.  Lawrence  Smith  and 
J.  B.  Mackintosh,  E.M.  I  here  give  the  average  of  four 
closely  agreeing  aualysea 

Iron,  98*00  per  cent;  nickel,  5'74  per  cent;  cobalt,  0'62  per 
cent;  phosphorus,  0*86  per  cent-;  traces  of  sulphur,  chlonne 
and  copper;  carbon  not  determined.  Total  =  99*62  per  cent 
This  iron  does  not  show  the  customary  Widmannstatten  flguree. 
I  have  etched  all  the  exposed  surfaces  and  obtained  no  well 
defined  markings  on  a  large  scale,  but  I  have  found  that  the 
etched  surfaces  show  crystalline  faces  which  reflect  the  light 
at  certain  angles,  giving  a  sort  of  sheen  much  like  moonstone 
or  labradorite.     Tnese  reflecting  surfaces  are  in  parallel  sets. 

This  is  the  second  of  the  three  new  meteoric  irons  discov- 
ered in  the  Southern  States,  in  the  autumn  of  1879,  by  the 
writer,  who  now  holds  in  his  possession  the  two  alr^y  de- 
scribed in  their  original  condition.  j 
June  23, 1880.                                                                                                  I 


C  iS  Peinx — Results  of  Pendulum  Experiments.        827 


Art.  XXXVI. — Results  of  Pendulum  Experiments  ;  by  C.  S. 
Peirce,  Assistant  Coast  and  Geodetic  Survey.  [Published 
by  authority  of  C.  P.  Patterson,  Superintendent] 

The  following  are  the  results  obtained  from  observations 
made  by  me,  for  the  U.  S.  Coast  and  Geodetic  Survey,  at  four 
important  stations,  for  the  purpose  of  comparing  the  lengths  of 
the  seconds  pendulum,  together  with  reauctions  to  the  sea- 
level  and  to  the  ecjuator.  In  making  the  last  reduction  I  have 
assumed  the  ellipticity  to  be  ==1:298,  whigh  is  the  latest  result 
from  measurements  of  area 


At  station. 

At  sea-level. 

At  equator. 

Heboken      0-9932052°' 

0-9932074"* 

0-9910003" 

Paris             0-9939337 

0-9939600 

0-9910132 

Berlin           0*9942399 

0-9942482 

0.9909865 

Kew              0-9941776 

0-9941790 

0*9910083 

The  differences  of  the  figures  in  the  last  column 

I  from  0-991"*, 

a  value  conveniently  near  their  mean,  when  reduced  to  oscil- 
lations per  diem  are:  Hoboken  +0'01*;  Paris  +0'58*;  Berlin 
— 0-59*;  Kew  +0*36*.  The  following  are  the  residuals  of 
former  observations  according  to  Clarke  (Geodesy,  p.  849), 

New  York  +0-20' ;  Paris— 3-29»;   Kew +2-89». 

Colonel  Clarke  has  used  a  value  of  the  ellipticity  =1 :  292*2 
derived  from  pendulum  experimenta  This  slight  difference, 
however,  is  not  important. 

It  should  be  explained  that  the  result  for  Hoboken  is  derived 
from  [T"  In  v.]  "Regular  Set,"  given  on  page  818,  and  also  on 
page  416  of  the  Report  of  the  Superintendent  of  the  U.  S.  Coast 
ana  Geodetic  Survey  for  1876.     This  number  is  treated  as  ex- 

!)lained  on  page  319,  where  in  the  second  line  from  the  bottom 
or  [TP  Rev.]  read  [T*  Inv.]  The  altitude  of  the  Hoboken  sta- 
tion is  stated  on  page  204.  The  numbers  for  the  European 
stations  are  copied  from  page  820. 

The  length  which  I  nave  taken  as  the  meter  has  been 
derived  from  the  German  Eichungsamt,  as  fully  explained  in 
my  report.  This  is  about  19-2  microns  shorter  than  the  quan- 
tity which  is  considered  to  be  a  meter  in  our  own  office  of 
weights  and  measures,  and  is  admitted  in  Berlin  to  be  doubt- 
ful. It  is  impossible  to  fix  the  true  meter  at  present ;  but  I 
have  but  little  doubt  the  above  values  will  ultimately  have  to 
be  diminished  by  about  twenty  microns  on  account  of  the  error 
in  the  standard  used. 
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SCIENTIFIC    INTELLIGENCE. 

1.  Physics. 

1.  Changes  of  volume  produced  by  Electricity, — Quincke  sams 
up  his  results  and  those  of  other  observers  as  follows :  1.  Solid 
and  fluid  bodies  change  in  volume  when  submitted  like  the  fflaas 
of  a  Leydcn  jar  to  electrical  force.  2.  This  change  of  ToTame 
does  not  arise  from  heating  and  is  generally  an  expanBion«  ^ 
certain  cases,  however,  it  is  a  contraction,  as  for  instance  in  the 
case  of  fat  oils.  3.  Quincke  has  not  observed  any  change  of 
volume  in  gases  submitted  to  electrical  influence.     If  a  chiDge 

takes  place  it  must  be  smaller  than  g  ooo  (foo  ooo  ^^  ^^®  vdmne 
of  air  submitted  to  examination.  4.  The  change  of  Tolume  b 
instantaneous  in  flint  glass :  but  takes  a  longer  time  in  Thtlringian 
glass,  which  is  a  better  conductor  of  electricity.  Upon  the  dis- 
charge of  the  coatings  of  spherical  or  cylindrical  formed  oon- 
densers  the  glass  resumes  its  original  volume ;  this  resumptioD  ii 
instantaneous  in  the  case  of  flint  glass,  but  slower  with  ThtUingiao 
glass.  5.  The  length  of  a  cylindrical  condenser  alters  at  the 
same  time  that  its  volume  changes.  6.  The  changes  in  voliime 
and  in  length  are  greater  the  greater  the  diflerence  of  electrical 
potential  and  the  less  the  thickness  of  the  insulating  substance  of 
the  condenser.  7.  These  changes  are  approximately  proportional 
to  the  square  of  the  ratio  of  the  diflerence  of  potential  and  the 
thickness.     These  changes  are  diflereut  in  diflerent  8ubstance& 

8.  After  the  discharge  of  the  coating  of  the  condenser  a  residual 
change  of  volume  and  length  is  observed.  This  effect  is  veiy 
small  with  flint  glass,  greater  with  Thtlringian  glass,  and  appean 
to  depend  upon  the  electric  polarization  of  the  mass  of  the  glass. 

9.  The  changes  in  volume  and  length  do  not  arise  from  an 
electrical  compression  of  the  insulating  substances.  10.  In  flint 
glass  the  electrical  expansion  is  the  same  in  all  directions,  and  ii 
independent  of  the  xind  and  direction  of  the  electricity.  11. 
Electrical  changes  of  volume  and  length  in  glass  increase  with 
rising  temperature  in  nearlv  the  same  proportion  that  the  dielec- 
tric constant  or  the  electric  conductivity  of  glass  inoreases.  12. 
Under  the  influence  of  electrical  force  the  elasticity  of  flint  glass, 
Thtlringian  glass,  and  caoutchouc  diminishes,  and  that  of  mica 
and  gutta  percha  increases.  13.  The  perforation  of  glass  and 
other  substances  by  electrical  means  results  from  unequal  elec- 
trical dilatation  at  diflerent  points  of  the  insulator.  14.  By  means 
of  unequal  electric  expansion  solid  and  fluid '  substances  can  be 
unsymmetrically  dilated  and  be  made  doubly  refracting,  just  as 
the  unequal  expansion  of  bodies  by  heat  can  effect  the  same 
result.  ]  5.  By  means  of  electricity  symmetrically  dilated  f^m 
shows  no  electric  double  refraction.  16.  The  results  of  Dr.  Kerr 
on  positive  and  negative  electrical  double  refraction  depend  on 
the  manner  in  which  the  index  of  refraction  in  different  Substanoes 
changes  with  the  density  and  the  volume  under  electrical  infln- 
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ence.  17.  With  a  constant  difference  of  potential  between  the 
coatings  of  a  condenser,  the  electric  strains  in  the  successive 
layers  of  the  substance  between  these  coatings  vary  from  time 
to  time. — Annalen  der  Physik  und  Chemie^  No.  8,  1880,  p.  613. 

J.  T. 

2.  A  Phenomenon  of  Elasticity, — If  clastic  gum  is  warmed, 
then  expanded  and  wound  in  a  spiral  upon  a  fflass  tube  or  a  wire 
and  cooled  for  a  short  time  in  a  cooling  mixture,  it  shows  no 
tendency  to  contract,  but  when  it  is  submitted  to  hot  water  it 
returns  quickly  to  its  original  length.  This  phenomenon  can 
also  be  noticed  without  the  use  of  the  cooling  mixture.  If  one 
holds  heated  gum  a  second  in  an  expanded  condition  it  shows  no 
disposition  to  return  to  its  original  length ;  but  if  one  immerses  it 
in  not  water  it  contracts  to  ^  or  ^  and  remains  contracted  to  the 
third  or  fourth  of  its  original  length.  Maxwell  found  similar 
phenomena  in  gutta  percha,  when  this  was  submitted  to  expand- 
ing influences  when  m  a  cool  condition.  These  are  very  marked 
phenomena  of  thc^  secondary  effects  of  elasticity. — Ftoc,  Edin, 
jB/  i&,  X,  1879,  p.  52 ;  Beibldtter  Annalen  der  Physik  und  Chemiey 
No.  6,  1880,  J).  422. 

This  property  of  rubber  and  gutta  perclia  is  significant  in  view 
of  the  recent  experiments  of  Professor  A.  Graham  Bell  upon  the 
effect  of  radiant  energy  upon  thin  discs  of  rubber.  j.  t. 

n.  Geology  and  Mineralogy. 

1.  Moving  snovMnaes  of  Ihickerman  Ravine^  White  Mountains^ 
New  Hampshire, — Mr.  TV.  H.  Pickering  gives  the  following 
account  of  an  excursion,  July,  1 879,  to  this  glacier-like  snow-mass, 
in  the  number  of  "  Appalachia''  for  June,  1 880. 

The  walk  from  the  Crystal  Cascade  through  the  ravine  was 
uneTentfnl,  and  in  about  three  hours  I  reached  the  snow  patch. 
Much  of  the  snow  had  melted,  so  that  some  of  the  stones  placed 
upon  it  were  gone,  but  of  those  that  remained  the  middle  ones  had 
moved  about  thirteen  feet  in  twenty  days,  or  at  the  rate  of  eight 
inches  per  day.  The  side  ones  had  not  apparently  moved  so  fast. 
The  surface  of  the  snow  was  convex,  being  considerably  higher  at 
the  middle.  Where  not  exposed  to  the  sun,  the  snow  was  very  hard, 
and  differed  from  ice  only  m  color.  The  roof  of  the  ice  cavern  was 
now  quite  high,  and  it  could  be  entered  for  some  fifty  feet  or  more, 
although  wading  through  ice-water  in  the  dark  may  be  considered 
more  unusual  than  agreeable.  From  the  above,  it  would  appear 
that  we  have  here  the  same  glacial  action  that  occurs  on  a  much 
larger  scale  in  the  Alps,  the  same  transportation,  and  therefore 
grinding,  and  polishing  of  the  rocks,  the  same  phenomena  of 
viscosity  and  regelation ;  only  that  we  here  miss  the  long  tongues 
of  blue  ice,  with  their  accompanying  crevasses.  Our  snow-patch, 
therefore,  corresponds  to  the  neve^  or  upper  portion  of  a  glacier, 
the  whole  of  the  lower  portion  being  wanting.  It  might,  perhaps, 
be  called  an  incipient  glacier. 
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2.  Notes  on  tfie  Geology  of  the  Iron  and  Copper  IHstiricU  of 
J^ke  Superior ;  by  M.  E.  Wadsworth.  Cambridge,  Jnly,  1880. 
158  pp.  8vo,  with  flix  plates.  Bulletin  of  the  MnBOum  of 
Comparative  Zoology  at  Harvard  College,  Vol.  VII  (Geological 
Seriies,  Vol.  I). — The  author  devotes  76  pages  of  his  memoir  to 
the  iron  district,  56  to  the  copper  district,  and  24  pages  to  a  bibli- 
ography of  his  subject.  Under  each  head  a  large  part  of  the 
space  is  devoted  to  an  historical  review,  giving  the  opinions  and 
statements  of  authors  in  chronological  order  and  largely  by  cita- 
tions from  their  works.  lie  quotes  freely  from  the  valuable  Report 
on  the  Lake  Superior  District  by  Foster  and  Whitney,  and  in  the 
main  supports  tlie  views  which  "Profl  Whitney  had  there  brought 
out. 

He  makes  the  iron  ores  and  associated  beds  of  jasper  intrmwt. 

The  sandstones  and  conglomerates  which  accompany  the  trap 
in  the  copper  region,  and  are  more  or  less  interstratified  with  it, 
owing  to  successive  deposits  and  outflows  as  described  by  Whit- 
ney, are  pronounced  to  be  of  the  age  of  the  Potsdam  sandstoae; 
but  the  conclusion  is  not  based  on  the  author's  personal  observa- 
tions. • 

The  kinds  of  copper  deposits  in  the  Portage  Lake  and  Kewee- 
naw Districts  are  stated  to  be  as  follows :  1st,  The  amygdaloid^ 
in  which  the  amygdaloidal  rock  contains  bunchy  and  irregular 
deposits  of  copper  which  are  in  no  sense  veins  or  lodes.  The 
Quincy  and  the  Seldcn  and  Columbian  Mines  are  examples; a 
variety  of  the  Amygdaloid  Mines,  called  in  the  region  "asnbed" 
mines,  are  said  to  differ  only  in  this  that  the  amygdaloid  is  of  a 
scoriaceous  character.  The  Copper  Falls  and  the  Atlantic  Mines 
are  of  this  nature. 

Besides  these,  there  are,  secondly,  Conglomerate  or  true  bed 
mines,  like  the  Calumet  and  Hecla ;  and,  thirdly,  true  -R^wire-wm 
mines,  like  the  Central,  Phcenix  and  in  part  the  Copper  Falls. 

Li  the  Conglomerate  mines,  the  beds  of  conglomerate  have 
sometimes  a  cement  of  copper;  and  pebbles  of  trap  appear 
occasionally  to  have  been  partly  removed  and  to  have  had  their 
places  fillca  with  copper.  At  the  Calumet  and  Hecla  mine,  whidi 
IS  of  this  kind,  the  copper  is  found  filling  the  joints  of  the  over- 
lying trap,  and  extending  as  a  continuous  sheet  in  fissures  at 
right  angles  to  one  another. 

At  Copper  Falls,  *'  spikes  of  copper  extend  downward,  out  of 
the  overhanging  trap  into  the  ashbed,"  or  scoriaceous  amyg- 
daloid ;  and  "  these  are  generally  large  at  the  upper  end  and 
pointed  at  the  lower."  In  the  veins,  the  copper  is  found  inti- 
mately mixed  with  the  gangue,  or  in  sheets  or  irregular  masses; 
and  the  masses  of^en  enclose  quartz,  calcite  and  other  kinds  of  vein 
materials,  beside  portions  of  the  trap.  '*  The  farther  from  the  sand- 
stone and  the  nearer  the  heavy  beds  of  trap,  the  larger  have  been 
the  deposits  of  copper,"  as  is  exemplified  at  the  Central,  Olifi,  and 
Cahunot  and  Hoola  mines. 

The  author  holds  that  the  copper  and  the  associated  minerals 
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of  the  veins  and  amygdules  were  depoBited  in  the  veins  or  cavities 
where  now  found  by  waters,  from  an  external  source  afler  the 
sandstones,  conglomerates  and  tr^s  had  been  formed.  He  does 
not  agree  with  Bowerman  and  Fumpelly  that  the  copper  was 
derived  from  the  sandstone  and  thence  carried  down  by  hot  or 
cold  waters,  but  inclines  to  hold  that  the  copper  was  originally 
finely  disseminated  through  the  lava  at  the  time  of  its  outflow, 
and  has  since  been  locally  concentrated,  by  percolating  waters,  in 
veins,  amygdules  and  conglomerate  beds.  While  rejecting  the 
theory  of  Professor  Dana  with  regard  to  the  origin  of  the  copper 
deposits,  he  agrees  with  him,  it  thus  appears,  in  the  view  that  the 
copper  came  up  with  the  trap,  but  disagrees  in  that  be  makes  the 
present  distribution  of  the  copper,  and  also  the  filling  of  amygda- 
loidal  cavities  and  veins  by  minerals,  the  resfult  of  a  subsequent 
process  custing  from  above  aownward. 

The  writer  has  regarded  it,  as  he  has  long  since  explained,'*'  an 
insuperable  objection  to  the  theory  of  infiltration  n*om  above, 
that  surface  waters  can  get  into  amygdaloids  by  means  of  infiltra- 
tion downward  only  a  short  distance — ^in  some  not  an  inch ;  and 
that,  however  deep,  the  result  caused  by  the  waters  and  the 
accompanying  air  is  oxidation  and  the  discoloration  and  destruc- 
tion of  the  rock.f  Notwithstanding  all  that  is  brought  forward 
by  Mr.  Wadsworth,  or,  rather,  in  view  of  these  and  other  facts 
respecting  trap  minerals,  T  believe  that  the  most  satisfactory 
theory  of  the  ori^n  of  the  ores  and  associated  minerals  is  that 
which  I  have  hitherto  held,  only  slightly  modified:  that  the 
copper  came  up  with  the  igneous  rock,  and  so  also  the  moisture 
that  made  the  steam  cavities  of  the  amygdaloid,  though  neither 
was  derived,  the  one  nor  the  other,  from  the  deep-seated  source  of 
the  eruption,  but  from  sources  encountered  on  tne  way  up ;  that, 
while  the  rock  was  slowly  cooling  through  the  range  of  tempera- 
tures from  that  of  fusion,  over  2000°  F.,  to  212°  F.  (when  at-  last 
the  vapors  began  to  lose  their  chemical  activity),  and  thence  to 
100°  F.  and  below,  the  igneous  material  sooner  or  later  received 
its  vapor-made  cavities  m  places  where  the.  pressure  was  little 
enough  to  permit  it  and  the  moisture  was  abundant  enough  to 
produce  them,  and  the  rocks  also  became  jointed  and  fissured 
through  the  progressing  contraction ;  that  other  fissures  may  have 
been  opened  by  new  subterranean  movements  while  the  cooling 
was  going  forward,  that  is,  before  the  era  of  eruptions  for  the 
reffion  had  passed,  and  gave  passage  for  ascending  vapors  and 
whatever  they  bore  along ;  that  the  moisture  which  made  the 

*  This  Journal,  zliz,  49,  1845. 

t  The  waters  of  hot  springs  might  produce  depositions  in  cavities  or  fissures 
that  open  upward ;  but  it  appears  to  be  physically  impossible  that  such  waters, 
whatever  they  may  hold  in  solution,  should  penetrate  deeply  through  the  mass  of 
a  cold  trap  or  amygdaloid  containing  disseminated  copper  in  grains,  and  take  up 
and  transport  that  copper  into  the  amygdaloidal  cavities,  fissures,  and  jointa 
Surface  waters  sometimes  descend  for  yards  along  the  joints ;  but  when  so,  the 
torfaces  of  the  joints  indicate  it  by  their  iron-rust  discoloration.  The  gathering 
of  copper  from  the  adjoining  sandstone  into  the  trap  cavities  by  such  superficial 
waters  seems  to  the  writer  to  be  not  less  impossible.  j.  d.  d. 
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amygdaloidal  cavities  was  the  moisture  which  altered  the  p] 
or  other  minerals  of  the  rock  to  chlorite,  and  made  the 
and  quartz  out  of  chiefly  its  feldspars,  and  that  this  kind  o 
formation  of  the  igneous  rock  near  all  cavities  or  iissui 
quartz  and  hydrous  silicates  kc})t  going  on  as  long  as  tl 
was  undergoing  its  refrigeration,  different  minerals  resul 
different  stages  in  the  temperature ;  and  that  the  coppei 
came  up  with  the  igneous  rock  was,  in  the  course  of  the  < 
carried  by  the  aid  of  the  vapors  into  fissures  and  so  former 
and  into  other  cavities  to  help  make  amygdules  at  the  sai 
that  other  minerals  were  making  them,  and  so  producec 
times  a  cupriferous  amygdaloid  ;  and  that  simultaneously 
carried  also  to  some  extent  into  the  adjoining  sandstone, 
the  conditions  of  the  process  are  not  yet  explainable,  and 
fore,  while  differing  widely  from  the  author  on  this  anc 
points  in  his  volume,  I  agree  with  him  in  this,  that  ^^  ui 
know  more  about  the  occurrence  of  the  copper,  all  theories 
ing  its  origin  should  be  held  with  a  loose  grasp,  and  dro] 
the  facts  developed  may  require."  j. 

3.  Paleontological  Notes ;  by  C.  A.  White. — Professor 
has  notes,  in  the  Proceedings  of  the  United  States  National  M 
on  the  occurrence  of  Productus  giganteu8  from  an  argillaeoo 
of  Carboniferous  age  in  the  valley  of  McCloud  River,  Shae 
California,  one  of  them  b^  inches  in  transverse  diameter  n 
hinge ;  on  a  new  Cretaceous  Pinna,  P.  Stevensoniy  from  nei 
Wingate,  Northern  New  Mexico,  and  on  the  occurrence 
species  of  Stricklafidiniay  S.  ScUteri  Billings,  S,  Davidsoni  B 
in  the  town  of  Ringgold,  Catoosa  Co.,  Georgia,  where  the; 
collected  by  Lieut.  A.  W.  Vogdes,  U.  S.  A.  W  ith  regard  to  t 
he  says  that  the  other  fossils  of  this  collection  were  doubth 
rectly  referred  by  Lieut.  Vogdes  (in  this  Journal,  Dec.  1878 
475,  477),  to  the  Clinton  Group  of  New  York;  and  their  dis 
in  Georgia,  if  the  identification  is  correct,  has  special  i 
because  the  two  species  have  hitherto  been  found  only  in 
of  the  island  of  Anticosti,  and  also  because  these  (with  th 
ciated  fossils)  indicate  the  equivalency  of  the  Georgia,  Clintc 
Anticosti  strata  in  America,  and  the  Upper  Llandovery  of 
Britain.  Professor  White  also  states  that  the  Discina-like  B 
pod  from  the  Primordial  strata  at  Antelope  Spring,  Southern 
which  he  has  described  under  the  name  oiAcrotreta  stibsidui 
ferring  it  to  that  genus  provisionally,"  belongs  to  Linna 
new  genus  Acrothele;  and  he  adds  that  it  is  not  unlikel 
some  American  species  referred  to  Disrhia  will  be  found  to  ' 
to  this  genus. 

Professor  White  has  also  1 80  pages  of  descriptions  of  fossi 
32  plates,  in  the  Twelfth  Annual  Report  of  the  U.  S.  Geo 
Survey  for  1878,  under  Dr.  F.  V.  Ilayden,  which  were  issue 
"  author's  edition  "  in  July  last.  The  species  described  ar 
the  Tertiary,  Laramie,  C-retaceous,  Jurassic,  Triassic,  and  C 
iferous  groups.  The  Report  is  a  continuation  of  his  Contril 
to  Invertebrate  Paleontology  in  the  Report  for  1877. 
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4.  SiraHgraphical  Geology  of  Ea^stem  OhiOy  by  Prof.  Edward 
Orton.  84  pp.  8vo.  Columbus,  Ohio,  1880. — The  Report  of  the 
Secretary  of  State  of  Ohio  for  1879  contains  a  paper  by  Pro- 
fessor Orton  which  gives  the  results  of  recent  wort  by  him  in 
Eastern  Ohio,  leading  to  modifications  of  some  views  as  to  the 
stratigraphy  of  the  region,  and  also  bringing  out  some  of  the  con- 
nections between  the  geological  series  of  Ohio,  Pennsylvania  and 
Kentucky.  A  map  of  Eastern  Ohio  shows  the  outlines  of  the 
formations — the  Berea  Grit,  the  Lowest  Coal,  the  Ferriferous 
limestone,  Nelsonville  Coal  ancT  Pittsburgh  Coal.  He  observes, 
in  conclusion,  that  the  results  as  to  the  latter  point,  match  so  well 
with  the  facts  arrived  at  in  Pennsylvania  by  Professor  White  and 
Mr.  Chance  and  others  engaged  in  the  survey  of  the  western 
^rt  of  that  State,  that  a  number  of  the  questions  are  settled. 
like  paper  closes  with  a  table  of  equivalents  between  the  Ohio 
strata  and  those  of  Pennsylvania  and  remarks  upon  it.  '*  The 
key  to  the  equivalencies  is  the  Ferriferous  limestone,  which 
divides  the  Lower  Coal  Measures  of  Western  Pennsylvania  and 
of  Southern  Ohio  alike." 

6.  On  the  occurrence  of  Chalk  in  the  New  Britain  Group  ^ 
by  Archibald  Livebsidgb.  —  In  October  last  the  Rev.  G. 
Brown,  Weslevan  missionary,  brought,  among  other  specimens, 
from  New  Britain  and  New  Ireland  (New  Britain  Group,  lati- 
tude 4  degrees  south,  and  160  degrees  east  longitude)  certain 
grotesque  figures  of  men  and  animals,  which  had  been  carved  by 
die  natives  of  the  above  islands  out  of  a  soft  white  somewhat 
pnlverulent  material,  having  much  the  appearance  of  plaster  of 
paris  or  chalk.  Some  of  these  figures  were  deposited  in  the 
museum,  and  a  fragment  broken  oif  from  one  of  them  was  placed 
in  my  hands  for  identification. 

On  examination,  the  remains  of  numerous  Foraminifera  are  at 
once  detected,  the  forms  of  the  larger  ones  being  plainly  visible 
even  to  the  unaided  eye;  under  the  microscope  the  whole  mass  of 
the  rock  is  seen  to  be  almost  entirely  composed  of  the  shells  and 
fragments  of  shells  of  Foraminifera,  the  remains  of  Globigerina 
being  most  abundant. 

I  took  an  early  opportunity,  when  writing,  to  enclose  a  portion 
to  Mr.  H.  B.  Brady,  F.R.S.,  of  Newcastle-on-Tyne.     He  says : 

"  Your  chalk  from  the  New  Britain  group  is  a  Cretaceous 
chalk,  and  not  a  friable  Tertiary  limestone.  All  the  Foraminifera, 
or  nearly  so,  are  south  Atlantic  recent  deep-sea  species,  Globi- 
gerina 6i(Uoide8j  GL  injlata^  Piilvimdina  Menardii  (a  thick 
variety  which  I  do  not  think  is  yet  named),  JP.  Jficheliniana, 
and  probably  JP,  ITarsteniy  PuUenia  spheroides,  Nbnionina  depres- 
tula,  Btdimina  Buchiaiia^  fragments  of  Dentalina,  Uvigerinay 
etc. ;  also  a  characteristic  Pulvinvlina  with  thick  shell  and  honey- 
combed surface,  not  yet  described,  of  which  I  have  quantities  m 
the  **  Challenger"  material. 

The  Rev.  G.  Brown  wrote  to  me  further  as  follows : — 

"  Tbtf  chalk  of  which  the  figures  are  formed  is,  I  am  informed. 
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• 
found  only  on  the  beach  after  an  earthquake,  being  cast  up  there 
in  large  pieces  by  the  tidal  wave ;  and  only,  as  far  as  we  know  at 
present,  in  one  district  on  the  east  side  of  New  Ireland.** 

An  analysis  shows  that  about  81  per  cent  of  the  specimen  con- 
sists of  calcium  carbonate ;  thus  it  is  undoubtedly  a  far  less  pure 
limestone  than  the  ordinary  white  chalk  Its  specific  gravity  is 
2-199  at  69**  F.—Froc.  of  the  Royal  Society  of  New  South  Walu, 
July,  1877. 

6.  A  new  Theriodont  Reptile, — A  new  Theriodont  from  the 
Upper  Permian  sandstone  near  Orenburg  in  southeastern  Russia 
has  been  described  by  W.  H.  Twelvetrees,  in  a  pap^r  read  recently 
before  the  Geological  Society  of  London.  The  beds  rest  on 
limestone  which  has  the  fossils  of  the  Zechstein.  Besides 
remains  of  Saurians  and  Labyrinthodonts,  there  are  CcUamiki, 
Lepidodendron,  Conifers  and  a  Unio.  The  specimen  is  ap|)a^ 
ently  the  dentaiy  part  of  the  left  mandibular  ramus,  with  the 
crowns  of  a  canine,  an  incisor,  and  ten  of  the  molars.  It  is 
closely  related  to  the  genus  Rhopcdodmi ;  but  there  are  marked 
differences,  and  the  author  proposes  to  call  it  Cliorhizodon 
Orenhurgensis. 

7.  A  new  species  of  Igiianodon,  L  Pre9%rdtchii. — ^Tbe  remains 
of  this  new  species  of  Iguanodon  are  from  the  Kimmeridge  day, 
three  miles  west  of  Oxford.  The  skeleton  was  probably  almoel 
entire,  but  as  the  clay  had  been  mostly  removed  before  attention 
was  directed  to  it  many  bones  are  lost.  The  discovery  is  the 
subject  of  a  paper  before  the  Geological  Society  of  London,  April 
14th,  by  Prof.  J.  Prestwich.  Prof.  Prestwicn*s  paper  was  fol- 
lowed by  another  by  J.  W.  Hulke,  Esq.,  describing  the  bones  is 
detail  and  giving  the  species  the  above  name. —  Quart,  J,  QeoL 
Soc,  No.  143. 

8.  TTie  Geological  Record  for  1877.  An  account  of  Works  on 
Geology,  Mineralogy  and  Palaeontology  published  during  the  year, 
with  Supplements  for  1874-1876.  Edited  by  Wm.  WHrrTAKBi, 
B.A.,  P\G.S.,  of  the  Geological  Survey  of  England.  432  pp. 
8vo.  London,  1880.  (Taylor  &  Francis.) — ^This  volume  of  the 
Record,  like  its  predecessors,  will  be  found  of  great  valpe  to 
geologists.  The  author  has  had  a  dozen  or  more  able  coadjuton 
m  the  preparation  of  the  volume.  Its  several  subdivisions  are 
Stratigraphical  and  Descriptive  Geology  arranged  according  to 
countries ;  Physical  Geology ;  Applied  and  Elconomic  Geology ; 
Petrology  ;  Mineralogy  ;  Paleontology  ;  and  Maps  and  Sections. 
The  volume  would  be  still  more  welcome  if  it  could  be  issued 
nearer  to  the  year  of  which  it  is  a  Record.  We  find  in  the  pref- 
ace, however,  that  great  delay  in  the  publication  was  caused  "by 
the  loss  of  MS.  in  transmission — the  missing  part  (Europeaa 
Geology)  having  been  appropriated  by  some  very  wise  person  as 
an  article  of  great  value,  and  not  recovered  for  months.'* 

9.  Orographic  de  la  partie  des  IfatUes-cUpes  Calcaires  ctwir 
prise  entre  le  Rhone  et  le  Rawyl  (Groupes  des  Diablerets  et  dn 
Wildhorn),  par  E.  Renkvier,  Professeur  a  la  Faculte  des  Sciences 
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osanne.  08  pp.  12mo.  Lausanne,  1880. — ^This  little  book 
itinerary  for  1880-81  of  the  Swiss  Alpine  Club.  Besides 
a  contribution  to  Swiss  orography  and  geology  it  is  even 
3roininently  a  guide  book  to  various  passes  m  the  Alps ; 
»r  this  purpose  all  the  details  are  given  as  to  the  routes,  ex- 
IS,  objects  of  interest,  distances,  guides,  hotels,  club-huts 
her  matters  of  importance  to  the  traveler.  The  region  lies 
3n  the  transverse  valley  of  the  Rhone,  (from  Martigny  to 
Greneva)  and  the  passage  of  the  Rawyl  (from  Lenk  to  St. 
rd).  The  highest  summit  ^is  that  of  the  Diablerets,  3246 
I. 

On  a  ''Fossa  Glacier''  of  Yakvtal  Bay,  Alaska;  by  W.  H. 
—Extract  from  a  letter  dated  Unalaska,  July  30th,  from 
Dall,  Assistant  Coast  and  Geodetic  Survey,  in*  charge  of 
rty  on  the  coast  of  Alaska. 

most  striking  discovery  made  i^o  far  this  season  is  that  of 
nay  perhaps  properly  be  called  a  "  fossil  glacier"  of  colossal 
sions,  situated  on  the  northwest  side  of  Yakutal  Bay. 
consists  of  the  remains  of  an  immense  glacier,  of  which  it 
seem  the  feeders  have  cither  greatly  diminished  in  size  or 
y  disappeared ;  leaving  a  sheet  of  ice  on  the  plain  below 
ountains,  spread  over  an  area  of  fifty  to  seventy-five  square 
with  little  if  any  motion,  and  which  by  its  own  melting  has 
le  covered  with  a  thick  layer  of  mud,  sand,  gravel  and 
.  This  layer  protects  the  ice  from  the  sun,  and  except  in  a 
aces  the  ice  is  quite  invisible.  In  some  spots,  however,  the 
jms  to  have  melted  beneath  and  the  covering  has  fallen  in. 

Fa  forest  of  immense  ice  pinnacles,  each  with  a  protective 
dirt,  and  presenting  a  most  extraordinary  and  almost 
ribable  appearance.  The  waste  in  these  exposed  spots  is 
3ly  made  up  for  by  the  snows  of  winter,  and  as  the  ice  does 
•pear  to  have  any  motion,  there  seems  to  be  no  reason  why 
lid  not,  like  a  layer  of  rock,  endure  to  the  end  of  time, 
phenomenon  offers  an  explanation  of  some  previously  inex- 
le  appearances  in  Kotzebue  Sound,  which  have  been   a 

to  geologists  for  forty  years,  and  which,  if  opportunity 
we  may  visit.  Its  geological  importance  is  undeniable. 
Optical  examination  of  the  rea  feldspar  of  the  granite 
Lyme,  Conn,,  by  M.  DesCloizeaux.— At  the  close  of  the 
Exposition  of  1878,  a  fragment  of  the  beautiful  coarse 
e  from  the  McCurdy  quarry  at  Lvme,  Conn.,  was  given  by 
mnecticut  Commissioner,  Prof.  W^.  P.  Blake,  to  M.  DesCloi- 

f  or  optical  study.  Some  details  of  his  preliminary  examin- 
)f  its  feldspar  are  given  in  the  following  translation  from  a 
to  Prof.  Blake,  of  April  14, 1879.  They  disclose  a  fact  of 
mineralogical  interest,  which  explains,  as  Mr.  Blake  remarks, 
atoyant  reflections  that  give  special  beauty  to  the  granite, 
ve  been  able,  lately,  to  examine  your  red  feldspar  from 
It  is  a  true  microcline,  but  of  an  altogether  peculiar 
ire,  for  the  study  of  which  the  ordinary  magnifying  power 
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is  Dot  sufficient,  the  constituent  parts  being  exceedingly  minulr 
The  face  of  easy  cleavage  shows  a  series  of  very  small  spots  (f 
albite,   interspersed   with    hemitropic   plates  of  microcline^  the 
angle  of  extinction  of  which,  not  easily  determined  with  grett 
exactness,  is  13^  to  15°  measured  from  the  edge  between  the  two 
cleavage-faces.     Across  the  second  cleavage  the  structure  is  as  it 
were  fiorous,  and,  with  a  hi^h  power,  the  angle  of  eztinclioQ  it 
found  to  be  from  7®  to  9®  for  the  microcline,  and  from  18*  to  20®  fer 
the  albite.     I  have  never  before  met  with  a  feldspar  with  the  ele- 
ments so  crowded  together  and  so  fine.    I  hope  you  will  yet  be  aUe 
to  find,  or  that  the  proprietor  will  supply  you  with,  some  fragmenti 
of  this  beautiful   granite.     An  examination  of  such   specimens 
would  be  of  ^reat  interest  on  account  of  the  enormous  size  <^ 
its  feldspar  individuals." 

III.  Botany. 

1.  TTie  Native  Flowers  and  Ferns  of  the  United  States;  by 
Thomas  Mbehan,  illustrated  by  Chromo-lithographs.  Series  2. 
Vols.  I  and  II.  Philadelphia:  Chas.  Robson&Co.  1880.— Tbe 
last  four  parts  of  the  issue  of  this  series,  now  before  us,  if  com- 
pared with  the  earlier  show  a  great  improvement  in  all  respects 
The  drawings,  and  especially  the  chromo-lithographv,  the  ezcellent 
typography,  and  the  superfluously  stout  and  high-calendered 
paper,  combine  to  assure  us  that  the  editor  has  at  length  accom- 
plished what  he  undertook,  the  production  of  attractive  and 
characteristic  illustrations  of  the  U.  S.  Flora,  accompanied  bj 
readable  popular  accounts  of  the  plants,  at  a  low  price.  Tie 
production  of  such  a  copious  and  discursive  letter  press  to  meet 
the  demands  of  rapid  serial  publication  is  no  light  task,  and  it  is 
not  surprising  if  oversights  now  and  then  occur.  Thus,  under 
Wyethia  Arizonica,  which  is  remarkably  well-figured,  an  account 
of  Nuttall's  crossing  to  the  Pacific  with  Wyeth  is  given,  in  which 
it  is  said  that  this  genus  was  not  discovered  on  that  route,  but  by 
Wyeth  himself  on  the  return  trip.  Now  Nuttall's  own  publioir 
tions  and  others  show  that  Nuttall  himself  collected  at  least 
three  species  on  his  journey ;  and  the  date  of  the  half-volume  of 
the  Academy's  Journal,  in  which  Wyethia  was  originally  pub- 
lished, would  show  that  this  publication  had  taken  place  before 
Nuttall  started  upon  that  journey,  and  that  the  material  was  de- 
rived from  an  earlier  expedition  by  Wyeth.  If  the  readers  of 
this  work  find  it  true  that  "Asters  are  not  more  difficult  of 
study  than  other  plants,"  (p.  159),  their  experience  will  be  difSa- 
ent  from  ours.  Ileliopsis  kevis  is  not  an  "  Astercuseatts  plant"  A» 
to  the  Compass-plant,  it  might  be  inferred  that  Longfellow's  ref- 
erence to  "  this  delicate  pla7it^^  preceded  Gen.  Alvord'saccouDtof 
it,  '^  who  seems  to  have  been  the  first  to  direct  scientific  attentioB 
to  the  plant  in  1848."  Gen.  Alvord's  first  account  appeared  m 
1842,  and  was  communicated  to  the  poet.  Under  Ox^ropis  Lorn- 
herti  (p.  191),  why  should  it  be  said  that  Pursh  seized  on  tbe 
labors  of  others  and  passed  them  off*  as  his  own  ?    Pursh  states 
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that  he  described  from  Bradbury's  specimen  (and  this  we  be- 
lieve is  true),  as  well  as  from  a  living  plant  in  Lambert's  garden. 
In  writing  a  flora  of  the  country  be  could  not  have  omitted  it. 
That  **  Lambert,  vice-President  of  the  Linnean  Society,  was  one 
of  the  most  accomplished  botanists  of  that  time,"  was  not  the 
contemporary  opinion.  That  he  was,  "  indeed,  the  real  editor  of 
Pursh's  work  "  is,  we  presume,  a  statement  destitute  of  any  foun- 
dation in  fact.  Good  old  Lambert  used  to  say  that  he  had  great 
trouble  in  holding  Pursh  to  his  work,  and  had  to  shut  him  up  for 
the  purpose,  during  which  Pursh  *'  drank  a  whole  barrel  of  beer." 
So  that  Pursh  may  properly,  in  his  dedication,  declare  that  the 
public  has  to  thank  his  patron,  Lambert,  for  the  work,  but  surely 
not  for  editing  it.  a.  o. 

2.  Botany  for  High  Schools  and  CoUeges;  by  Charles  E. 
Bessky,  M.Sc,  Ph.D.,  Professor  of  Botany  in  the  Iowa  Agri- 
cultural College,  etc.  New  York:  Henry  Holt  &  Co.  1880. 
pp.  611,  12mo. — It  speaks  well  for  the  progress  of  science  in  the 
tfnited  States,  when  a  professor  in  a  coUege  in  so  new  a  State  as 
Iowa,  situated  mid-way  between  the  Mississippi  and  the  Missouri, 
can  produce  so  creditable  a  book  as  this.  The  work  concerns 
itself  throughout  with  what  the  Germans  call  "  Scientific  Botany," 
— largely  with  vegetable  anatomy  and  development,  and  with  par- 
ticular attention  to  the  lower  Cryptogamia.  The  plan  in  gen- 
eral is  that  of  Sachs'  Lehrhuch^  the  cuts  of  which  are  largely  re- 
produced from  electrotypes  of  the  original  blocks.  The  author 
says  that  his  "  book  will  thus,  to  a  considerable  extent,  serve  as 
an  introduction  to  that  work."  It  will  indeed  form  a  substitute 
for  it ;  and  the  systematic  part,  so  far  as  it  goes,  is  an  improve- 
ment upon  the  model,  ^out  that  of  itself  would  not  be  high 
praise,  as  this  is  the  least  valuable  portion  of  the  Lehrbuch,  The 
figures  from  Sachs'  blocks  are  good;  but  most  of  them  were 
rather  too  large  for  his  royal  octavo  page,  and  are  out  of  propor- 
tion to  the  12mo  page  in  which  they  now  appear.  So,  indeed, 
are  some  of  the  original  ones.  Some  of  the  transfers  from  Maout 
and  Decaisne  have  suffered  in  the  process,  although  the  paper 
and  typography  are  excellent.  Prof.  Bessey's  volume  is  a  timely 
gift  to  American  students  of  a  good  manual  of  vegetable  anatomy 
and  of  the  structure  and  classification  of  the  lower  cryptogamia, 
which  was  very  much  needed.  Here  at  least  is  a  commendable 
beginning.  a.  g. 

3.  Manual  of  Swedish  Pomology.  Handbok  i  Svensk  Pom- 
oloffi  af  Olop  Enenth.  Stockholm.  Vols.  I,  II.  8vo.  1864, 
1866. — We  notice  this  for  its  admirable  figures,  both  the  wood- 
cats  and  the  chromolithographs  ;  ignorance  of  the  language 
excuses  from  reference  to  the  text.  We  have  managed  to  sur- 
mount this  obstacle  in  respect  to  an  accompanying  pamphlet, 
entitled 

Bidrag  till  Etiropas  Pomona  vid  dess  Nordgrdus, — This  is  an 

account  of  the  trial  of  various  European  and  North  American 

varieties  of  apples  and  other  fruits,  with  the  object  of  determining 

Am.  Jour.  Sct.— Tittiid  Sbrtbs,  Vol.  XX,  No.  118.— Oct.,  1880. 
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the  northern  limit  at  which  they  would  come  to  perfection.  This 
for  twelve  years  of  over  800  yarieties  yields  reBults  of  general 
scientific  as  well  as  of  local  economical  value.  ▲.  6. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Zocation  of  Lick  OhservcUory  on  Mount  SafniUany  Cali- 
fornia.— In  a  report  to  the  Trustees  of  the  James  Lick  trust,  Mr. 
S.  W.  Burnham  gives  the  results  of  his  observations  made  on  Mt 
Hamilton  as  to  the  location  of  the  Lick  Observatory.  Mt.  HamQ- 
ton  is  situated  nearly  east  from  San  Jos6,  about  twenty-mx  miles 
by  the  highway,  but  only  thirteen  in  an  air  line.  The  approxi- 
mate longitude  of  the  Observatory  peak  is  121°  86'  40',  and  the 
latitude  37°  21'  ^^  The  elevation  of  the  point  is  4,250  feet  above 
the  level  of  the  sea,  and  140  feet  lower  than  the  north  peak  which 
is  about  three-quarters  of  a  mile  distant  The  view  around  is 
unobstructed,  there  bein^  no  higher  ground  within  a  radius  of 
100  miles.  ''The  formation  of  Mt.  Hamilton,  as  of  all  the  near 
surrounding  ridges,  is  of  trap  rock."  Mr.  Burnham's  astronomical 
observations  here  reported  had  regard  especially  to  the  atmos- 
pheric conditions  of  the  location  with  reference  to  its  adaptation 
to  observatory  purposes.     He  states  in  his  concluding  remarks: 

^*  So  far  as  one  may  judge  from  the  time  durine  which  these 
observations  were  made,  there  can  be  no  doubt  that  Mt.  Hamilt(» 
offers  advantages  superior  to  those  found  at  any  point  where  a 
permanent  observatory  has  been  established.  The  remarkable 
steadiness  of  the  air,  and  the  continued  succession  of  nights  of 
almost  perfect  definition,  are  conditions  not  to  be  hoped  for  in 
any  place  with  which  I  am  acquainted,  and,  judging  from  the 
puohshed  reports  of  the  various  observatories,  are  not  to  be  met 
with  elsewhere.  The  low  altitude  at  which  observations  can  be 
made  is  a  matter  of  no  small  importance,  particularly  in  connec- 
tion with  the  portion  of  the  southern  sky  not  ordinarily  accessible 
to  observatories  in  the  northern  hemisphere.  The  ease  with  which 
difficult  objects  can  be  seen  almost  down  to  the  hoHzon  will  be 
apparent  from  the  southern  declination  of  many  of  the  new  doable 
stars.  Close  pairs  can  be  observed  at  least  down  to  43°  South 
Declination.  The  permanent  steadiness  of  the  air  during  the 
whole  night  will  greatly  increase  the  amount  of  telescopic  work 
over  what  could  ordinarily  be  done  on  good  nights  in  most  places. 
An  examination  of  my  observations  at  Chicago  during  the  sum- 
mer of  the  present  year  shows  that  the  good  seeing  very  rarelv 
continued  the  whole  night,  even  when  it  remained  clear,  and  this 
has  generally  been  the  case  heretofore.  In  many  instances  the 
conditions  favorable  for  the  observation  of  the  most  difficult  ob- 
jects would  only  last  an  hour  or  two,  sometimes  occurring  in  the 
first  part  of  the  night,  and  sometimes  not  commencing  until  after 
midnio^ht.  On  Mt.  Hamilton  there  is  but  little  variation  of  soy 
kind  during  the  dry  season.  Each  day  was  very  much  like  every 
other  day,  and,  as  already  shown,  the  same  statement  Would  ap|dy 
equally  well  to  the  nights.     Apparently  there  is  but  little  to  be 
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from  the  ocean  fogs,  as  they  seldom  reach  this  elevation. 
J  every  night,  commencing  at  or  soon  after  sunset,  this  foff 

in  from  the  Pacific  at  the  Golden  Gate  on  the  north,  ana 
ly  of  Monterey  on  the  south,  and  covers  the  whole  valley, 
3n  the  base  of  Mt  Hamilton  and  the  coast  range,  with  a 
mass  of  vapor,  resembling,  when  seen  from  above,  a  great 
sea,  the  tops  of  the  lower  hills  standing  up  through  it  like 
^     Ordinarily  it  is  perhaps  2,000  feet  lower  than  the  summit 

Hamilton.     It  does  not  appear  to  have  any  effect  on  the 

so  long  as  it  is  below  the  summit.'' 

etdds  the  following  from  a  communication  to  him  from  Prof. 
e  Davidson,  of  the  United  States  Coast  Survey : 

the  dry  season  the  best  observing  is  at  the  close  of  the  wet 
,  say  from  March  1  to  June  or  July.     After  that  time  the 

of  the  great  vaUey  and  the  heated  air  on  the  San  Joaquin 
r  the  coast  range,  and  the  chilled  air  and  strong  winds  on 
ean  side,  combine  to  give  unfavorable  conditions  of  seeing. 
Id  not  expect  to  get  the  best  seeing  in  August  and  Septem- 
nless  as  an  exceptional  case. 

hould  say  that  on  the  higher  peaks  of  the  Coast  Range  (over 
feet),  or  in  the  Sierra  r^evada,  or  on  San  Bernardino,  at 
)  feet,  the  astronomer  may  be  sure  of  250  good  nights  every 
ind  that  150  of  those  nignts  will  be  such  as  are  rarely  ever 
enced  at  the  east.  The  stars,  the  planets,  the  moon,  the 
ind  the  nebulsB,  are  absolutely  new  presentations  to  the 
'er,  and  are  capable  of  the  most  searching  and  minute 
rements.  Moreover,  at  the  great  heights,  the  thermometer 
eldom  fall  below  zero ;  and  having  weathered  two  Sierra 
»  of  wind  and  snow  at  1 0,600  feet,  in  a  remarkably  exposed 
on,  I  am  sure  that  an  observatory  would  be  as  periectly 
lere  as  at  lower  elevations. 

lere  is  of  course  more  moisture  in  the  atmosphere  in  the  wet 
I ;  but  when  the  sky  clears  up  and  the  northerly  wind  blows, 
dry  wind,  and  the  outlines  of  every  thing  visible  are  wonder- 
;harp,  distinct  and  steady.  In  October  I  could  readily  pick 
le  principal  characteristics  of  the  trees  on  Mocho  (near  Mt. 
ton)  at  120  miles." 

Bnmham  closes  his  report  with  a  catalogue  of  42  new* 
3  stars  discovered  by  him  at  Mt.  Hamilton. 

Trustees  announce  that  the  observatory  will  soon  be  in 
ng  order.  The  small  equatorial,  ordered  of  Alvan  Clark  & 
will  be  placed  in  position  early  in  1881. 
Fiftieth  Meeting/  of  the  British  Association^  at  Swansea^ 
25<A. — Prof.  Ramsay,  on  taking  the  Presidential  chair,  gave 
augural  address.  His  subject  was  "  The  recurrence  of  oer- 
henomena  in  geological  time,"  and  his  chief  object,  as  he 
,  was  to  show  that  all  known  formations  are  comparatively 
'.ent  in  geological  time  that  there  is  no  reason  to  believe 
were    produced    under    physical    circumstances    differing, 

in  time  or  dej^rec,  from  those  witli  which  we  are  now  more 
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or  less  familiar, — which  is  the  doctrine  of  aniformitarianism  as 
taught  by  Lyell.  In  reference  to  this  point  he  reviews  facts  with 
regard  to  metamorphistn  in  various  geological  ages;  volcanoes; 
the  formation  of  mountains ;  formation  of  salt  ana  salt  lakes ;  the 
occurrence  of  fresh  water  deposits  in  various  ages  and  glacial 
phenomena  of  diiferent  periods.  Under  the  head  of  metamorphism 
ne  states  that  presumed  Cambrian  and  also  to  some  extent 
Lower  Silurian  rocks  in  Anglesey  have  been  metamorphosed  bto 
chlorite  schist,  mica  schist  and  gneiss ;  that  as  Prof.  Hull  bad 
shown,  the  close  of  the  Lower  Silurian  was  the  epoch  of  the 
greatest  metamorphism  in  Ireland ;  that  Silurian  and  Devonian 
rocks  in  Cornwall  are  converted  into  mica  schist  and  gneiss ;  and 
refers  to  examples  of  metamorphism  of  Mesozoic  and  Eocene 
rocks  in  the  Alps  and  Cretaceous  in  South  America.  Under  GIsp 
cial  phenomena,  he  refers  to  evidence,  which  he  regards  as  good, 
of  glacier  action,  in  roche  moutonnie  surfaces  over  granite,  pre- 
ceding the  Cambrian  in  northwest  Scotland ;  and  of  ^lacle^ 
transported  bowlders  in  the  Lower  Silurian  of  Wigton8shire  and 
Ayrshire ;  in  the  Upper  Silurian  of  the  Lammermuir  Hills ;  in 
Permian  beds  of  England,  Germany,  South  Africa  and  India;  in 
Cretaceous  beds  of  the  Salt  range  in  India,  and  in  Miocene 
deposits  in  the  north  of  Italy,  near  Turin.  Facts  are  presented 
also  under  the  other  heads ;  the  degree  of  uniformitarianism  whicli 
Professor  Ramsay  advocates  appears  to  require  for  its  satisfactory 
demonstration  a  much  wider  range  of  them  than  he  appeals  to. 

The  opening  address  before  the  Geological  section,  by  its  Presi- 
dent, H.  C  SoRBY,  treats  of  the  comparative  structure  of  artificial 
slags  and  eruptive  rocks ;  that  of  the  Biological  section,  by  Dr. 
GuNTHER,  of  museums,  their  use  and  improvement ;  that  of  Pro- 
fessor W.  Gbylls  Adams,  President  of  the  Section  of  Mathe- 
matics and  Physics,  gives  a  review  of  recent  deductions  in 
molecular  physics ;  and  that  of  F.  M.  Balfour,  Vice-President 
of  the  department  of  Anatomy  and  Physiology,  traces  the  infla- 
ence  of  the  Darwinian  theory  on  embryology. 

The  following  paragraphs  are  from  the  address  of  Professor 
Adams,  on  the  moleciUar  constitution  of  matter  in  the  solid^  liquid, 
and  gaseous  states, 

**We  have  become  accustomed  to  regard  matter  as  made  up  of 
molecules,  and  those  molecules  to  be  made  up  of  atoms  separated 
from  one  another  by  distances  which  are  great  in  comparison 
with  the  size  of  the  atom,  which  we  may  regard  as  the  smallest 
piece  of  matter  that  we  can  have  any  conception  o£     Each  atom 
may  be  supposed  to  be  surrounded  by  an  envelope  of  ether  which 
accompanies  it  in  all  its  movements.     The  densitv  of  the  ether 
increases  rapidly  as  an  atom  is  approached,  and  it  would  seem 
that  there  must  be  some  force  of  attraction  between  the  atom  and 
its  ether  envelope.     All  the  atoms  have  motions  of  translations  in 
all  possible  directions,  and  according  to  the  theories  of  Maxirel] 
and  Boltzmann,  and  the  experiments  of  Kundt,  Warburg,  and 
others  on  the  specific  heat  of  vapors,  in  one^atom  molecules  in  the 
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gaseous  state  there  is  no  motion  of  rotation.  According  to  the 
theory  of  Pictet,  the  liquid  state,  being  the  first  condensation 
from  the  gaseous  state,  must  consist  of  at  least  two  gaseous  atoms 
combined.  These  two  atoms  are  bound  to  one  another  through 
their  ether  envelopes.  Then  the  solid  state  results  from  the  con- 
densation of  a  liquid,  and  so  a  solid  molecule  must  consist  of  at 
least  two  liquid  molecules,  i.  e.  at  least  four  gaseous  molecules, 
each  surrounded  by  an  atmosphere  of  ether.  M.  Pictet  imagines 
these  atoms  to  be  centers  of  attraction ;  hence  in  the  solid  with 
four  such  centers  the  least  displacement  brings  into  action  couples 
tending  to  prevent  the  molecule  from  twisting  as  soon  as  external 
forces  act  upon  it  All  the  molecules  constituting  a  solid  will  be 
rigidly  set  with  regard  to  one  another,  for  the  least  displacement 
sets  in  action  a  couple  or  an  opposing  force  in  the  molecules  on 
one  another. 

Let  us  now  follow  the  sketch  which  M.  Pictet  has  given  of 
changes  which  we  may  consider  it  to  undergo  when  we  expend 
energy  upon  it.  Suppose  a  solid  body  is  at  aosolute  xero  of  tem- 
perature, which  may  DC  regarded  as  the  state  in  which  the  mole- 
cules of  a  body  are  in  stable  equilibrium  and  at  rest,  the  applica- 
tion of  heat  gives  a  vibratory  motion  to  the  molecules  of  the  solid, 
which  increases  with  the  •  temperature,  the  mean  amplitude  of 
vibration  beine  a  measure  of  the  temperature.  We  may  regard 
the  sum  of  all  the  molecular  forces  as  the  specific  heat  of  the 
body,  and  the  product  of  the  sum  of  all  the  molecular  forces  by 
the  mean  amplitude  of  the  oscillations,  L  e.  the  product  of  the 
specific  heat  and  the  temperature,  will  be  the  quantity  of  heat  or 
tne  energy  of  motion  of  the  body.  As  more  and  more  heat  is 
applied,  the  amplitude  of  vibration  of  the  molecules  increases 
undl  it  is  too  great  for  the  molecular  forces,  or  forces  of  cohesion, 
and  the  melting  point  of  the  solid  is  reached.  Besides  their 
vibratory  motion,  the  molecules  are  now  capable  of  motions  of 
translation  from  place  to  place  among  one  another.  To  reduce 
the  solid  to  the  liquid  state,  i.  e.  to  make  the  amplitude  of  vibra- 
tion of  the  molecules  sufficient  to  prevent  them  from  coming 
within  the  sphere  of  the  forces  of  cohesion,  requires  a  quantity  of 
heat  which  aoes  not  appear  as  temperature  or  molecular  motion, 
and  hence  it  is  termea  the  latent  neat  of  fusion.  The  tempera- 
ture remains  constant  until  the  melting  is  complete,  the  heat 
being  spent  in  bursting  the  bonds  of  the  solid.  Then  a  further 
application  of  heat  increases  the  amplitude  of  vibration,  or  raises 
the  temperature  of  the  liquid  at  a  rate  depending  on  its  specific 
heat  until  the  succession  of  blows  of  the  molecules  overcomes  the 
external  pressure  and  the  boiling-point  is  reached.  An  additional 
quantity  of  heat  is  applied  which  is  spent  in  changing  the  body 
to  a  gas,  i.  e.,  to  a  state  of  higher  potential,  in  which  the  motion  of 
translation  of  the  molecules  is  enormously  increased.  When  this 
state  is  attained,  the  temperature  of  the  gas  again  begins  to 
increase,  as  heat  is  applied,  until  we  arrive  at  a  certain  point, 
when  dissociation  begins,  and  the  molecules  of  the  separate  sub- 
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stances  of  which  the  body  is  composed  have  so  large  an  ampli- 
tude of  vibration  that  the  bond  which  unites  them  can  no  longer 
bring  them  again  into  their  former  positions.  The  potential  of 
the  substances  is  aeain  raised  by  a  quantity  which  is  proportioDal 
to  its  chemical  affanity.  Again,  we  may  increase  the  amplitude 
of  vibration,  L  e.,  the  temperature  of  the  molecules,  and  imagine 
the  possibility  of  higher  and  higher  degrees  of  dissociation." 

Professor  Balfour  remarks  as  follows  on  the  develcpmerU  of 
orga?i8  oj  vision, 

"Another  important  fact  shown  by  embryology  is  that  the 
ocntral  nervous  system,  and  percipient  portion  of  the  organs  of 
special  sense,  are  often  formed  from  the  same  part  of  the  primitive 
epidermis.  Thus,  in  ourselves  and  in  other  vertebrate  animals 
the  sensitive  part  of  the  eye,  known  as  the  retina,  is  formed  from 
two  lateral  lobes  of  the  front  part  of  the  primitive  brain.  The 
crystalline  lens  and  cornea  of  tne  eye  are,  however,  subsequently 
formed  from  the  skin. 

The  same  is  true  for  the  peculiar  compound  eyes  of  crabs  or 
Crustacea.  The  most  important  part  of  the  central  nervous  syg- 
tem  of  these  animals  is  the  supraoesophageal  ganglia,  often  known 
as  the  brain,  and  these  are  formed  in  the  embryo  from  two  thick- 
ened patches  of  the  skin  at  the  front  end  of  the  body.  These 
thickened  patches  become  gradually  detached  from  the  surface, 
remaining  covered  over  by  a  layer  of  skin.  They  then  constitute 
the  supracesophageal  ganglia ;  but  they  form  not  only  the  ganglia, 
but  also  the  rhabdons  or  retinal  elements  of  the  eye — the  parts  in 
fact  which  correspond  to  the  rods  and  cones  in  our  own  retina. 
The  layer  of  epidermis  or  skin  which  lies  immediately  above  the 
supracesophageal  ganglia  becomes  gradually  converted  into  the 
refractive  media  of  the  crustacean  eye.  A  cuticle  which  lies  on 
its  surface  forms  the  peculiar  facets  on  the  surface  of  the  eye, 
which  are  known  as  the  corneal  lenses,  while  the  cells  of  the 
epidermis  give  rise  to  lens-like  bodies  known  as  the  crystalline 
cones. 

It  would  be  easy  to  quote  further  instances  of  the  same  kind, 
but  I  trust  that  the  two  which  I  have  given  will  be  sufficient  to 
show  the  kind  of  relation  which  often  exists  between  the  organs 
of  special  sense,  especially  those  of  vision,  and  the  central  nervous 
system.     It  might  have  been  anticipated  d  priori  that  organs  of 
special  sense  would  only  appear  in  animals  provided  with  a  well- 
developed  central  nervous  system.     This,  however,  is  not  the  case. 
Special  cells  with   long  delicate  hairs,  which  are  undoubtedly 
highly  sensitive  structures,  are  present  in  animals  in  which  as  yet 
nothing  has  been  found  which  could  be  called  a  central  nervous 
system ;  and  there  is  every  reason  to  think  that  the  organs  of 
special  sense  originated  pari  passu  with  the  central  nervous  sys- 
tem.    It  is  probable  that  in  the  simplest  organisms  the  whole 
body  is  sensitive  to  light,  but  that  with  the  appearance  of  pig- 
ment-cells in  certain  parts  of  the  body,  the  sensitiveness  to  light 
became  localized  to  the  areas  where  the  pigment-cells  were  pres- 
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ent.  Since,  however,  it  was  necessary  that  stimnli  received  by 
each  organs  should  be  communicated  to  other  parts  of  the  body, 
some  of  the  epidermic  cells  in  the  neighborhood  of  the  pigment- 
spots,  which  were  at  first  only  sensitive,  in  the  same  manner  as 
other  cells  of  the  epidermis,  became  gradually  differentiated  into 
special  nerve-cells.  As  to  the  details  of  this  differentiation,  em- 
bryologv  does  not  as  yet  throw  any  great  light ;  but  from  the 
study  of  comparative  anatomy  there  are  grounds  for  thinking  that 
it  was  somewhat  as  follows : — cells  placed  on  the  surface  sent 
protoplasmic  processes  of  a  nervous  nature  inwards,  which  came 
loto  connection  with  nervous  processes  from  similar  cells  placed 
in  other  parts  of  the  body.  Ihe  cells  with  such  processes  then 
became  removed  from  the  surface,  forming  a  deep  layer  of  the 
epidermis  below  the  sensitive  cells  of  the  organ  of  vision.  With 
these  cells  they  remained  connected  by  protoplasmic  filaments, 
and  thus  they  came  to  form  a  thickening  of  the  epidermis  under- 
neath the  organ  of  vision,  the  cells  of  which  received  their  stimuli 
from  those  of  the  organ  of  vision,  and  transmitted  the  stimuli  so 
received  to  other  parts  of  the  body.  Such  a  thickening  would 
obviously  be  the  rudiment  of  a  central  nervous  system,  and  it  is 
easy  to  see  by  what  steps  it  might  become  gradually  larger  and 
more  important,  and  might  gradually  travel  inwards,  remaining 
connected  with  the  sense-organ  at  the  surface  by  protoplasmic 
filaments,  which  would  ihfin  constitute  nerves.  The  rudimentary 
eye  would  at  first  merely  consist  partly  of  cells  sensitive  to  light, 
and  partly  of  optical  structures  constituting  the  lens,  which  would 
throw  an  image  of  external  objects  upon  it,  and  so  convert  the 
whole  structure  into  a  true  organ  of  vision.  It  has  thus  come 
about  that,  in  the  development  of  the  individual,  the  retina  or 
sensitive  part  of  the  eye  is  first  formed  in  connection  with  the 
central  nervous  system,  while  the  lenses  of  the  eve  are  indepen- 
dently evolved  from  the  epidermis  at  a  later  period." 

8.  American  Association  for  the  Adva^icement  of  JSciencey  Bos- 
ton Meeting,  August  25  to  September  1,  1880. — The  twenty-ninth 
meeting  of  this  Association,  held  at  Boston,  was  bv  far  the  most 
numerously  attended  session  in  its  history ;  and  judged  by  the 
number  and  quality  of  the  papers  presented,  the  important  mat- 
ters brought  out  in  the  public  addresses,  and  the  numbers  of  inter- 
ested auditors  in  the  several  sections,  we  must  conclude  that  it  had 
a  scientific  value  never  before  equalled.  The  arrangements  of  the 
lA>cal  Committee  were  so  thorough  that  all  the  machinery  of  the 
meeting  moved  smoothly,  and  completely  met  the  numerous 
wants  of  such  an  occasion. 

The  Institute  of  Technology,  and  the  Boston  Natural  History 
buildings,  afforded  ample  ana  convenient  space  for  all  the  sections, 
and  a  large  hall  (Huntington  Hall)  for  the  public  sessions. 

The  badge  of  gold-colored  ribbon,  worn  by  members,  gave 
admission  to  all  the  public  places  in  Boston,  and  ensured  cour- 
teous treatment  everywhere.  Free  luncheons  of  the  most  taste- 
ful and  ample  character  were    served  daily  in  the  Gymnasium 
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adjoining  the  Institute,  and  thus  the  members  enjoyed  an  agreea- 
ble socisu  reunion  for  the  hour  at  noon,  and  were  saved  fatigue  and 
loss  of  time. 

The  number  of  persons  registered  to  the  close  of  tlie  meeting 
was  very  nearly  one  thousand — (979  to  Tuesday  evening,  Aug. 
31.)  The  number  of  papers  entered  was  280,  and  595  new  mem- 
bers were  elected.  The  officers  of  the  Association  were  in  tele- 
phonic communication  with  all  parts  of  Boston  and  the  adjacent 
country ;  and  members  had,  free  of  charge,  the  use  of  this 
facility  as  well  as  of  the  lines  of  the  Western  Union  Telegraph 
Company  for  all  scientific  and  domestic  purposes,  over  the  whole 
country.  Among  the  many  good  deeds  of  the  Local  C-ommittee, 
should  be  mentioned  the  distribution  among  the  members  of  a 
map  of  Boston  and  its  vicinity,  and  of  a  pamphlet  containing  ''  A 
brief  account  of  the  Scientific  Institutions  of  Boston  and  vicinity, 
and  a  General  Guide  to  the  Museum  of  the  Boston  Society  of 
Natural  History,"  prepared  by  the  custodian,  Mr.  Hyatt. 

The  meeting  was  under  the  Presidency  of  Mr.  Lewis  H.  Mor- 
gan, of  Rochester,  N.  Y.,  widely  known  for  his  Archa3ological 
investigations  and  memoirs. 

The  proper  work  of  the  Association  commenced  at  1 0  o'clock  on 
Wednesday  morning.  Prof.  Wm.  B.  Rogers,  President  of  the  In- 
stitute of  Technology,  welcomed  the  Association  in  a  brief  and 
graceful  address ;  a  welcome,  renewed  on  behalf  of  the  city  of 
Boston  by  Mr.  Frederick  O.  Prince  the  Mayor,  and  for  the  Com- 
monwealth of  Massachusetts  by  His  Excellency  Governor  Long, 
to  all  of  which  President  Morgan  made  a  brief  reply.  After 
notices  of  members  of  the  Association  deceased  during  the  year 
by  the  Secretary,  the  Association  adjourned  for  the  organization 
of  the  two  Sections,  A  and  B,  and  the  Subsections  of  Chemistry, 
Microscopy  and  Anthropology.  The  Chairmen  of  the  latter  were, 
respectively,.  John  M.  Ordway  of  Boston,  S.  A.  Lattimore  of 
Boston,  and  J.  W.  Powell  of  Washington. 

No  papers  were  read  on  Wednesday.  In  the  afternoon,  at  the 
meeting  of  the  Physical  Section,  Mr.  Asaph  Hall,  Vice  President 
of  the  Section,  gave  his  opening  address,  treating  wisely  of  the 
best  methods  and  chief  objects  of  Astronomical  research  ;  and  in 
the  evening  the  Association;  in  General  Session,  listened  to  the 
address  of  the  retiring  President,  Professor  Geo.  F.  Babkes,  "  On 
some  modern  aspects  of  the  Life-auestion,"  which  held  a  large 
audience  with  interested  attention  tor  an  hour. 

The  whole  of  Thursday,  August  26,  was  given  to  Cambridge. 
At  11  o'clock,  in  Sander's  Theatre  of  Harvard  University,  an 
excellent  eulogy  of  the  late  Professor  Joseph  Henry,  was  de- 
livered by  Alfred  M.  Mayer ;  and  this  was  followed  by  the  learned 
address  of  the  Vice-President  of  Section  B,  Alexander  Agassiz, 
which  will  be  found  reproduced  at  length  in  these  pages. 

After  these  addresses  the  members,  by  invitation  of  the  Presi- 
dent and  Fellows  of  Harvard  College,  dined,  to  the  number  of 
about  900,  in  Memorial  Hall,  one  of  the  most  extensive  and  bean- 
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iful  (lining  hallB  in  the  world.  The  afternoon  was  given  tt|>  to  the 
rluseums,  Libraries  and  Laboratories,  and  the  evening  to  a  garden 
►arty  and  reception,  by  Professor  and  Mrs.  Gray,  at  the  Botanic 
laruens,  and  a  visit  to  the  Observatory,  where  the  members  were 
eceived  by  Professor  and  Mrs.  Pickering,  and  the  evening  to  a 
eception  at  the  residence  of  Mr.  and  Mrs.  A.  Graham  Bell. 

The  evening  of  Friday  was  devoted  to  a  General  Session  to 
lear  the  paper  by  Mr.  Bell,  on  his  new  apparatus,  the  Photophone^ 
.  subject  oi  great  general  as  well  as  scientific  interest. 

On  Saturday  afternoon  the  Association  enjoyed  the  sail  down 
k>8ton  harbor,  as  the  guests  of  the  City  of  Boston,  about  one 
housand  persons  being  present.  It  is  quite  impossible  to  follow 
Jie  Association  in  detail  through  all  it  had  to  enjoy  at  the  hands  of 
lie  good  people  of  Boston.  There  were  excursions  to  Salem,  with 
risits  to  the  Museum  there,  and  the  liberal  hospitality  of  Mr. 
Sndicott  Peabody ;  a  Geological  excursion  to  Marble  Neck ; 
visits  to  Lowell,  and  many  other  places. 

On  Monday,  after  the  close  of  the  meeting,  came  the  excursion 
^  the  White  Mountains,  for  which  arrangements  had  been  made 
t>y  the  Appalachian  Club.  Thanks  to  the  liberality  of  the  Eastern 
Elailroad,  free  tickets  were  supplied  for  three  hundred  members. 

The  Association  adjourned  on  Wednesday  to  meet  at  Cincin- 
aati,  under  the  Presidency  of  Professor  Gbobgb  J.  Bbush,  of  the 
Sheffield  Scientific  School  of  Yale  College. 

The  following  is  a  list  of  the  Papers  accepted  : 

1.  MathematicSy  Physics^  Astronomy  and  Meteorology. 

H.  S.  Pritohett  :  Determination  of  the  rotation-time  of  Jupiter,  from  observa- 
tions of  the  red  spot  in  1879-80,  together  with  the  physical  character  and 
changes  of  the  spot 

W.  A.  NOBTON :  The  force  of  effective  molecular  action,  and  the  mechanical 
laws  and  properties  dependent  upon  it ;  Determination  of  the  comparative  dimen- 
sions of  ultimate  molecules,  and  deduction  of  the  specific  properties  of  sub- 
stances. 

B.  J.  Jeftbibs  :  Ck>lor-blindnes8. 

W.  Febbbll  :  Maxima  and  minima  tide-predicting  machine. 

C.  J.  H.  WooDBUBT :  Friction  of  lubricating  oils. 
T.  Hill  :  Problems  in  Watson's  coordinates. 

T.  CTbaig  :  Steady  and  vortex  motion  in  viscous  incompressible  fluids. 

W.  H.  Ballou  :  Improvement  of  the  Mississippi  River. 

C.  A.  TouNG:  Spectroscopic  notes,  being  a  notice  of  certain  spectroscopic 
observations,  principally  solar,  made  in  1879-80. 

J.  Tbowbbidoe  :  Heat  produced  by  magnetising  and  demagnetising  iron  and  steel. 

S.  E.  Wabbbn  :  Some  observations  on  geometric  beauty,  as  founded  on  an^ar 
rather  than  linear  ratios. 

W.  A.  Anthony  :  Lecture  experiment  for  the  direct  determination  of  the  velo- 
city of  sound. 

W.  A.  RooEBS:  Progress  made  at  the  Observatory  of  Harvard  College  in  the 
determination  of  the  absolute  coordinates  of  109  fundamental  stars;  A  simple 
and  expeditious  method  of  investigating  all  Ihe  division  errors  of  a  meridian 
circle ;  The  systematic  errors  of  the  Greenwich  right  ascensions  of  southern  stars 
observed  between  1816  aud  1831 ;  Preliminary  determination  of  the  equation  be- 
tween the  British  imperial  standard  yard  and  the  meter  of  the  archives ;  The 
piobable  error  of  a  single  observation  at  sea;  deduced  from  the  observations  of  W. 
H.  Bacon,  Cunard  steamer  ''Scythia;"  The  errors  of  a  few  English,  French  and 
American  stage  micrometers. 
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W.  BoTD :  A  new  Morse-alphabet. 

B.  Peirob:  Unity,  inyereion.  and  semi-in version  in  linear  associatiTe  al^ 
bra ;  Useful  practical  forms  of  linear  associative  algebra ;  Comets  of  minioon 
perihelion  distance ;  Cooling  and  possible  age  of  the  sun ;  Cooling  and  pOMiUt 
age  of  the  earth. 

D.  P.  TODO :  Speculative  and  practical  search  for  u  trans-neptunian  planet 
Edw.  W.  Morlet  :  Remarks  on  tables  for  the  reduction  to  zero  of  the  mettnred 

volumes  of  gases ;  The  most  convenient  scale  for  a  thermometer  ueed  in  ^m  aal- 
ysis. 

E.  C.  I^CKBBiNG :  New  planetary  nebula;. 

C.  R.  Cross  and  W.  T.  Miller  :  On  the  musical  pitch  at  present  in  ate  in 
Boston  and  vicinity. 

8.  \V.  Holm  AN :  Tlio  use  of  the  mercurial  tiiermometer  at  high  temperatnrMi 
L.  Waldo:    Methods  in  use  at  the  Observatory  of  Yale  College  for  the  Terifl- 

cation  of  thermometers,  and  the  testing  of  time-pieces. 

K.  L.  Nichols  aud  A.  W.  Wherler:    The  coefficient  of  expansion  of  gas  soli> 

tions. 

E.  H.  Hall:  The  new  action  of  magnetism  on  a  permanent  electric  currant 
T.  R.  Baker  :  An  investigation  of  the  vibrations  of  plates  vibrated  at  the  oeokr. 
J.  D.  Warner  :  Tlieory  of  the  tides. 

H.  C.  Lewis:  Note  on  the  Zodiacal  light;  The  Aurora  and  Zodiacal  light  d 
May  2,  1877. 

F.  U.  Loui) :  Discussion  of  the  barometric  observations  of  Professor  &  SL 
Snell,  Amherst  College. 

C.  S.  Hastings  :  A  comparison  of  the  spectra  of  light  from  limb  and  center  of 
sun. 

A.  S.  Carhart  :  A  simple  device  for  promoting  vibrations  of  a  liquid  film  witk* 
out  a  lens. 

Qeo.  W.  Holley  :  Suggestions  for  improvement  in  the  manufacture  of  glifl^ 
and  of  now  methods  for  the  construction  of  large  telescopic  lenses. 

J.  R.  Blakk  :  Observations  on  some  recent  liail  storms  in  North  Carolina. 

S.  Weli^  :  Apparatus  used  in  photographing  microscopical  objects. 

F.   E.  NiPHER :  Results  of  a  magnetic  survey  of  Missouri. 

H.  Morton  and  H.  K.  Thomas  :  Observations  on  the  electro-motive  force  of  thi 
Brush  dynamo-electric  machine. 

H.  Morton  :  Observations  on  the  displacement  of  absorption  bands  in  aolii- 
tions  of  Purpurine. 

A.  G.  Bell  and  S.  Tainter:    Upon  the  production  of  sound  by  light 

W.  Hailes:  a  new  freezing  microtome. 

W.  A.  Anthony  :  A  lecture  experiment,  showing  the  movement  of  a  horismtd 
current  in  the  earth's  magnetic  field ;  A  proposed  improvement  in  the  constniotioB 
of  the  (Gramme  electric  machine. 

R.  H.  Richards  :  A  gauge  for  measuring  the  pressure  of  liquids  and  gases. 

A.  M.  Mayer:  On  the  spectral  rays  which  act  in  forming  the  green  color 
in  the  leaves  of  plants ;  The  topophone :  an  instrument  to  determine  the  directios 
and  position  of  a  source  of  sound,  with  an  account  of  the  applications  of  this  in- 
strument to  scientific  investigation ;  The  uses  of  the  '^chungkee  stone;**  On  moQO- 
ments  of  physical  constants ;  A  simple  means  of  measuring  the  angle  of  indim- 
tion  of  the  mirrors  used  in  Fresnel's  experiments  on  the  interference  (rf  light; 
The  determination  of  the  velocities  of  fowling-piece  shot,  with  remarks  on  tilt 
applications  of  these  experiments  to  the  art  of  shooting  on  the  wing;  A  nev 
method  of  obtaining  a  permanent  trace  of  the  plane  of  oscillation  of  a  Fouout 
pendulum. 

E.  Frisby  :  Symmetrical  Equations. 

S.  C.  Chandler,  Jr. :  Two  new  instruments  for  the  determination  of  iam 
and  latitude. 

A.  E.  DoLBEAR :  On  the  limits  of  visibility  with  the  microscope ;  On  mm 
needed  additions  to  physical  terminology. 

J.  R.  Eastman  :  The  solar  parallax  for  meridian  observation  of  Mars  in  187T. 

O.  Stone  :  On  a  continuation  of  Argelander's  Durchmusterung ;  On  the  ooq> 
struotiou  of  a  micrometer  for  double  star  observations ;  On  the  drawing  of  IM^ 
ulsB ;  On  uniform  time. 
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C.  J.  Blakb:  a  standard  logograph. 

R.  H.  Thubston  :  Experiments  on  strength  of  yellow  pine  timber. 

G.  A.  TouNe :  The  thermoelectric  electro-motive  power  of  iron  and  platinum  in 
acuo. 

K  B.  Eluott  :  Electric  lighting  as  apphed  to  large  areas. 

A.  W.  Wright  :  On  a  form  of  vacuum  tube  for  spectroscopic  work ;  On  the 
efractive  index  of  metallic  silver. 

E.  S.  HOLDEK :  On  some  of  the  consequences  of  an  hypothesis  proposed  by 
'rofessor  Pickering,  that  the  intrinsic  brilliancy  of  the  fixed  stars  is  the  same  for 
ach  star. 

E.  P.  Austin  :  A  table  of  remainders  of  2"  to  various  prime  moduli 

F.  H.  Bailet  :  The  astral  lantern. 

Gbo.  W.  Coakle:  Tidal  theory  of  the  forms  of  comets. 

n.  A.  Rowland  :  Remarks  on  C.  S.  Peirce's  paper  on  the  ghosts  in  Ruther- 
urd*8  gating. 

J.  D.  Wabnsb:  New  method  for  finding  the  numerical  roots  of  equations  be- 
ow  the  4th  deg^ree ;  "  Actio  in  distaus  "  and  its  effects. 

WiL  Harknbss  :  On  the  color  correction  of  achromatic  telescope :  On  the  spec- 
roflcopic  measurement  of  the  approach  or  recession  of  stellar  objects. 

N.  D.  C.  Hodges  ;  Maxwell's  law  of  the  distribution  of  velocities  among  gas 
Qolecules. 

L.  P.  Ebnnicutt:  Substitution  of  cones  made  from  parchment  paper  for  plag- 
ium cones  in  Bunsen's  process  of  filtration. 

2.   Chemistry, 

A.  N.  Leeds:  Laws  governing  the  decomposition  of  equivalent  solutions 
)f  iodides  under  the  influence  of  actinism,  and  their  application  to  the  actinometry 
)f  solar,  electric  and  magnesium  light ;  Action  of  sun-light  in  the  production  of 
hlorinated  addition-products  of  Benzene  and  Naphthalene,  with  descriptions  of 
wo  new  chlorine  derivatives  of  Naphthalene;  Action  of  hyponitric  anhydride 
ipon  organic  substances,  with  description^  of  three  new  oxygenated  derivatives  of 
he  aromatic  g^up — Monoxybenzene,  Tetroxynaphthalene  and  Naphthodiquinene. 

0.  F.  QissLBu:  Evidences  of  the  effect  of  chemico-physical  influences  in  the 
svolution  of  branchipod  crustaceans. 

T.  Gapfield  :  Action  of  sunlight  on  glass. 

E.  T.  Ck>z :  Oxide  of  antimony  found  in  extensive  lodes,  in  Sonera,  Mexico. 

N.  B.  Webster:  On  a  solution  of  ferric  gallate  and  ferric  oxalate  as  a  reagent 
or  quantitative  analysis  of  ammonia. 

Edw.  W.  Morlst:  Remarks  on  Jolly's  apparatus  for  determining  the  amount 
»f  oxygen  in  air ;  Some  points  in  the  construction  of  an  apparatus  for  the  accu- 
ute  analysis  of  gasee;  Numerical  results  for  the  mean  ratio  of  oxygen  to  the  sum 
>f  oxygen  and  nitrogen  in  atmospheric  air ;  Some  conclusions  as  to  the  causes  of 
he  frequent  fluctuations  in  the  ratio  of  oxygen  to  nitrogen  in  the  air  at  different 
imee 

F.  W.  Clarke  and  Helena  Stallo  :  Constitution  of  the  tartrates  of  antimony. 
J.  L.  Kleinschiodt  :  Foreign  substances  in  iron. 

H.  W.  WiLET :  Optical  properties  of  commercial  starch  and  glucose. 

L.  M.  Norton  :  The  valuation  of  indigo. 

W.  0.  Atwater:  The  chemical  composition  and  nutritive  values  of  fish; 
rhe  soil  supply  of  nitrogen  for  plants ;  Some  new  forms  of  apparatus ;  The  de- 
»rmination  of  phosphoric  acid  by  the  molybdic  process ;  The  determination  of 
lulphuric  acid ;  The  determination  of  nitrogen  by  the  hypobromite  process ;  The 
}uantitativs  determination  of  fats. 

E.  6.  Love  :  On  the  illuminating  gas  of  New  York  City. 

W.  R  Nichols  :  Observations  on  the  temperature  and  chemical  character  of 
lie  water  of  Mystic  Lake,  Mass..  at  different  depths. 

0.  F.  Mabert  and  Mrs.  R.  Llotd  :  The  substituted  acrylic  acids. 

E.  L.  NiCHOi£ :  Salt  solutions  and  the  absorption  of  gases. 

H.  B.  Nason  :  Notice  of  incrustations  formed  in  pipes  used  in  gas  wells. 

C.  K.  MuNROE:  On  the  action  of  vegetable  acids  on  tin;  A  modification  of 
Benhior's  method  for  tho  valuation  of  coal. 
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S.  P.  SuARPLBS :  (Commercial  tosting  of  sugar,  illustrated  by  samples  of  tugar 
and  instruments  used. 

A.  A.  Brekeman:  New  colors  for  salt-glazed  pottery;  Notes oc  water aDslyiia. 

H.  W.  Wiley  :  Influence  of  heating  with  dilute  acids  and  shaking  with  bone 
coal  on  rotatory  power  of  glucose. 

W.  OoLEGROVB :  Direct  combination  of  hydrogen  and  nitrogen. 

Ira  Hemsbn  :  Formation  of  sulphoterophthlalic  acid  by  direct  oxidation. 

G.  F.  KuKZ :  Density  of  a  large  diamond. 

3.   Geology  and  Mineralogy, 

.   J.  W.  Dawson:  The  Pulmonates  of  the  Paleozoic  period. 

N.  n.  WiNCiiELL:  The  Cupriferous  series  in  Minnesota. 

W.  J.  Beal:  Distinguisliing  species  of  Populus  and  Juglans  by  the  joang 
naked  branches. 

W.  A.  Stearns:  Iron  mines  of  Ore  Hill,  Conn.,  and  vicinity, and  the  Doakiiigof 
pig  iron. 

Geo.  H.  Stonb  :  Kames  or  Eskars  of  Maine. 

A.  A.  JuLiEN:  The  excavation  of  the  upper  basin  and  clove  of  the  Kaater 
skill,  Oatskill  Mountains,  N^.  Y. 

G.  F.  Wright:  Condition  of  the  kames  and  moraines  of  New  Knglaiid,  u 
bearing  upon  tlie  date  of  the  glacial  epoch. 

£.  S.  Morse  :  Japanese  caves. 

F.  C.  Hill:  Fossil  Dinocerata  in  the  E.  M.  Museum  at  Princeton,  N.  J. 
R.  Owen  :  Law  of  land  forming  on  oiu*  globe. 

W.  Boyd  :  The  Island  of  Montreal,  an  idimd  in  the  Ottawa. 
L.  W.  Bailey  :    Progress  of  geological  investigation  in  New  Brunswick,  IdtO- 
1880. 
W.  H.  NiLES :  Classification  of  mountains. 
J.  W.  PiKB :  Preservation  of  fossil  insects  and  plants  at  Mazon  Greek.. 

G.  W.  Hawes:  The  granites  in  the  White  Mountain  Notch,  upon  Uoust 
Willard,  and  their  contact  phenomena. 

A.  S.  Tiffany  :  Subsidence  and  erosion. 

H.  C.  Lewis  :    The  tertiary  age  of  the  iron  ores  of  the  lower  Silurian  limestone 
valleys. 
M.  E.  Wads  WORTH :  The  age  of  the  copper-bearing  rocks  of  Lake  Superior. 

B.  SiLLiHAN :  Coals  of  the  Galisteo  in  New  Mexico;  Auriferous  gravels  of  tbe 
Upper  Rio  Grande  in  New  Mexico ;  Los  Cerillos,  New  Mexico,  an  area  of  reoeot 
eruptive  rocks  with  miueral  veins ;  Note  on  the  Turquois  localities  of  Los  CeriUoa. 

W.  J.  MoGeb  :  Notes  on  kames  and  aasar  of  N.  E.  Iowa ;  On  maximum  sfi- 
chronouR  glaciation. 

J.  T.  Humphreys:   Mineral  discoveries  in  Western  North  Carolina. 

T.  Sterry  Hunt  :  The  genesis  of  certain  iron  ores. 

W.  C.  Kerr  :  Ancient  topograpliy  in  North  Carolina ;  Recent  geology  as  illiii> 
trated  in  the  coast  region  of  North  Carolina;  Some  points  in  the  structnivof 
mica  veins  in  North  Carolina ;  A  new  mode  of  vein  formation. 

H.  A.  Cutting:  Capability  of  the  various  building  stones  in  general  use,  to 
stand  heat  and  water,  when  hot. 

E.  S.  Morse  :  A  comparison  between  the  shells  of  Ejokkenmodding^  and  pres- 
ent forms  of  the  same  species. 

W.  0.  Crosby  and  G.  H.  Barton  :  Extension  of  the  Carboniferous  formation  is 
Massachusetts. 

C.  H.  Hitchcock  :  Eruptive  rocks  of  Mt.  Ascutney ;  Occurrence  of  tin  at  Wim. 
low,  Me. 

S.  K.  Warren  :    On  an  American  example  of  a  St.  Giles'  staircase  at  IfAitb- 
head. 
G.  F.  Waters:  Action  of  ice  on  modified  drift  in  Portland,  Me. 

F.  L.  Capen  :  The  value  of  the  water-shed  and  water  supply  of  the  globe. 

J.  R.  Proctor  :  On  the  gravel  deposits  of  Kentucky ;  On  several  horizoniof 
breccia  in  Kentucky. 

T.  Kglf:sti>n:  Origin  of  gold  placer  deposits  and  formation  of  nuggets. 
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4.  Zoology  and  Botany^  exclusive  of  Entomology, 

H.  Allsn  :  Comparatiye  aDatomy  as  a  part  of  the  medical  curriculum. 

A.  S.  BiOKMOBB :    Improved  Stereogpraph  for  delineating  the  outliues  of  crania. 
C.  C.  Mbbrdian  :  Microscopic  studies  in  Central  Florida. 

Ellen  H.  Walworth  :  Field  work  by  amateurs. 

E.  S.  Morse:  Notes  on  Japanese  Pulmonifera;  Obseryations  on  Japanese 
Brachiopoda. 

5.  V.  Clbvekobr:  Plan  of  the  cerebro-spinal  nervous  system. 

B.  D.  Haldstsd  :  An  investigation  of  the  peach  yellows. 
P.  R.  Hot  :  Menobranchus  lateralis. 

J.  6.  Henderson  :  A  new  craniograph. 

L.  F.  Ward:  Incomplete  adaptation  as  iUustrated  by  the  history  of  sex  in 
plants. 

B.  G.  Wilder:  Partial  revision  of  the  nomenclature  of  the  brain  ;  The  fora- 
mina of  Monro  in  man  and  the  domestic  cat ;  The  crista  /omicis,  a  part  of  the 
mammalian  brain  apparently  not  hitherto  described. 

T.  MsEHAN :  Evolution  of  parasitic  plants. 

T.  Taylor:  New  method  of  quidcening  the  germination  of  garden,  field, 
and  forest  seeds,  discovered  by  the  author. 

T.  J.  Berrill  :  Anthrax  of  fruit-trees,  or  the  so-called  fire-blight  of  the  pear 
and  twig-blight  of  the  apple-tree. 

C.  Y.  RiLET :  Further  notes  on  the  pollination  of  Yucca,  and  on  Pronuba  and 
Prodoxus. 

W.  A.  Bttckhout:  Contribution  to  the  life-history  of  the  PhitoptidaB. 

6.  Macloskie  :  The  endo-cranium  and  maxillary  suspensorium  of  the  bee. 

G.  S.  MiNOT :  Anatomy  of  the  tongue  in  snakes  and  other  reptiles,  and  in 
birds— exhibition  of  sections;  On  the  summation  of  muscular  contractions; 
Notice  of  a  complete  bibliography  on  Plathelminths. 

E.  D.  Cope  :  Origin  and  succession  of  Felidae. 

S.  H.  Gage:  Permanent  microscopic  preparations  of  Amphibian  blood  cor- 
puscles.    Permanent  microscopic  preparations  of  Plasmodium. 

C.  V.  RiLET :  Additional  notes  on  the  army  worm  (iMcania  unipuncta  Haw.) 

0.  SOALER:  Minute  anatomy  of  the  human  larynx. 

8.  P.  Shabples  :  Some  of  the  Infusoria  found  in  Fresh  ponds,  Cambridge,  Mass. 

G.  W.  SmLET :  The  Spanish  Mackerel  and  its  artificial  propagation. 

C.  J.  Blake  :  Occurrence  of  exostoses  in  the  external  auditory  canal  in  pre- 
historic man. 

E.  K  Wilson:  The  metamorphosis  of  Actinotrocha. 

W.  E.  Brooks  :  Notes  on  the  Medusse  of  Beaufort,  N.  C. ;  The  rhythmical 
character  of  segmentation. 

C.  V.  Riley  :  Recent  practical  results  of  the  cotton  worm  inquiry  by  the  U.  S. 
Entomological  Commission. 

B.  Cutter  :  Contribution  to  the  histological  nature  of  the  membrane  in  croup ; 
Abundance  of  microscopic  forms  of  life  in  the  central  and  lateral  surfaces  of 
lakes  and  ponds. 

R  R.  Hoy  :  Occurrence  of  Alelia  argUku^a  in  Wisconsin. 

4A.   ^Entomology, 

C.  F.  Gissler  :  Sub-elytral  air  passages  in  Coleopetra. 

A.  J.  CooKB :  Two  new  methods  of  fighting  injurious  insects. 

W.  W.  Wheildon  :  Brief  remarks  on  the  mechanical  ingenuity  of  the  house- 
qyider,  and  the  habits  of  the  house  fly. 

0.  H.  Fsrnald:  Method  of  preparing  and  mounting  wings  of  microlepidoptcra. 

B.  F.  Mann  :  The  contributions  of  the  Cambridge  Entomological  Club  to  the 
]irogre88  of  entomology. 

W.  H.  Seaman  :  A  method  of  mounting  in  glycerine  and  certain  differentia- 
tions of  structure  produced  by  it  on  insects. 

C.V.Riley:  The  life-habits  of  certain  bee-flies  (Bombyliid«5) ;  Remarks  on 
tree-crickets ;  Remarks  on  the  curious  stages  of  Blephorocera. 

H.  A.  IIaobn  :  On  biological  collections  of  insects :  On  some  very  rare  insect 
deformities. 
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D.  S.  Mabtih  :  Insects  fh>m  copal. 
A.  S.  Packard,  Jr. :  MigratioDS  of  Rocky  Mountain  locusts. 

E.  I4.  Mabk  :  Some  points  in  the  anatomy  of  the  Coccidse. 
H.  F.  Babsbtt:  Structure  and  development  of  certain  hymenopterons  galls. 
J.  L.  LECk)NTK :  An  essay  on  lig^htning  beetles :  List  of  Coleoptera  hauied  froD 

a  few  hickory  twigs. 

H.  0.  MoGooK:  The  honey-ants  of  the  Garden  of  the  Gods,  Colorado. 

G.  D.  Putnam  :  Notes  on  N.  A.  Gkdeodes. 

A.  R.  Gbote  :  Generic  characters  of  the  Noctuidae. 

C.  H.  Feknald  :  On  the  classification  of  the  Tortriddae ;  On  Phocopteris  anga- 
lifasoina. 

H.  A.  Hagen  :  On  the  Hessian  fly ;  On  the  anatomy  of  Prodoxus  dedpens. 

E.  BuBGESS :  On  the  structure  of  the  mouth  organs  in  the  Lepidoptera. 
S.  H.  SouDDBR:  Annual  address  of  the  President  of  the  Entomological  Club  of 

A.  A.  A.  S. 

6.  Anthropology. 

H.  B.  Carrjkgton  :  The  Dacotah  tribes. 

A.  S.  BioKMORE :  Ethnology  of  Africa,  illustrated  by  a  large  manuscript  wxp. 

A.  K00SI8 :  The  Yoguls. 
W.  0.  HoLDBOOK :  Prehistoric  altars  of  Whiteside  County,  Blinois. 

C.  F.  Williams:  Parturition  in  a  kneeling  posture,  as  practiced  by  the  woisei 
of  the  moundbuilder  and  stone-gnrave  race. 

B.  S.  Morse:  Persistance  of  Korean  ornamentation  in  Japanese  potteiy; 
Prehistoric  and  early  types  of  Japanese  pottery. 

B.  A.  Smith  :  FoUc  lore  of  the  Iroquois. 
J.  M.  Currier  :  Antiquities  in  the  town  of  New  Haven,  Vermont 

D.  W.  Ross:  Theory  of  primitive  democracy  in  the  Alps. 
G.  Mallery  :    Scheme  of  the  tenth  census  for  obtaining  statistics  of  untixsi 

Indians. 

C.  C.  Abbott  :  Exhibition  of  stone  implements  from  the  river  drift  of  Hew 
Jersey ;  Indications  of  a  pre-Indian  occupancy  of  the  Atlantic  coast  of  North 
America,  subsequent  to  that  of  palaeolithic  man. 

J.  G.  Henderson  :  Textile  fabrics  of  the  andeat  inhabitants  of  the  Mississiiipi 
valley — Pt.  I,  Material — preparation  of  material  and  spinning ;  Part  II,  The  Iooa 
and  Uie  fruit  of  the  loom ;  Pt.  Ill,  Moundbuilder,  stone-g^ve  and  cave  fabriei; 
ancient  mounds  in  vicinity  of  Naples,  Elinois;  Sign  language  and  pantomimic 
dances  among  the  North  American  Indians. 

F.  W.  Putnam  :  Conventionalism  in  ornamentation  of  andent  American  potteiy; 
On  the  occurrence  in  New  England  of  carvings  by  the  Indians  of  the  Noitii- 
west  coast  of  America. 

R.  J.  Farquharson  :  The  probable  existence  in  America  of  the  pre-histork 
practice  of  trepanning,  in  the  cutting  of  rondelles  or  amulets  from  the  skull ;  Cat- 
temporaneous  existence  of  mastodon  and  man  in  America. 

Geo.  H.  Perkins:  Relation  of  the  archaeology  of  Yermont  to  that  of  the  adja- 
cent states. 

Wm.  Mo  Adams  :  The  pipes  of  the  mound-builders  and  pottery-makers ;  An- 
dent agricultural  implements  of  stone ;  A  stone  implement,  from  the  base  of  the 
drift  in  Illinois ;  Sea-shells  in  the  mounds ;  The  mounds  of  niinois. 

W.  J.  Knolton  :  Engraved  tablet  from  a  mound  in  Ohio. 

W.  M.  Beauohamb  :  Antiquities  of  Onondaga  County,  New  York. 

J.  F.  Everhart  :  Ethnology. 

D.  A.  Ltle  :  The  Indian  question. 

S.  S.  Haldeman  :  Remarks  on  aboriginal  pottery ;  On  stone  axes. 
H.  C.  Hovey  :    Alabaster  quarries,  flint  mines  and  other  antiquities  recentff 

found  in  Mammoth,  Wyandot  and  Luray  Caverns. 

Miss  Erminnie  A.  Smith  :  On  the  Iroquois  languages. 

J.  W.  Powell  :  On  the  rank  of  Indian  languages :  The  classification  of  kiDdrrf 
by  the  N.  A.  Indians. 

S.  I).  Peet  :  The  topographical  survey  of  the  works  at  Aztalan,  Wia ;  Ik 
military  system  of  the  emblematic  mound-builders. 

H.  C.  Lewis  :  The  antiquity  of  man  in  Eastern  America  geologically  ooDsideiei 
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6.  Miscellaneous. 

P.  H.  DuDLET :  Transportation  expenses  and  their  reduction. 

Geo.  M.  Stkbnbkro:  Microscopical  investigations  of  the  Havana  Yellow  Fever 
CommisaioQ. 

G.  B.  Goode:  The  first  decade  of  the  U.  S.  Fish  Commission.  Its  plan  of 
work  and  accomplished  results,  scientific  and  economical. 

C.  RooesYELT :  Investigations  for  rapid  and  safe  locomotion. 

O.  J.  Blake  :  Phonophobia  and  the  influence  of  noise  on  the  health  of  dwell- 
ers in  dties. 

B.  S.  Hedrick  :  On  patent  laws  as  means  for  the  advancement  of  science. 

L.  F.  Waed  :  Feeling  and  function  as  factors  in  human  development. 

R.  B.  Elliott:  The  credit  of  the  United  States  Government 

Wx.  McMuRTBiE :  On  the  deficiency  of  meteorological  work  in  data  of  value  to 
agricoltare  and  means  for  supplying  them. 

F.  Ll  Gapen  :  Explanation  of  diagram  for  24  hoiu^  London  and  Boston  time, 
•bowing  the  method  of  obtaining  formulas  for  weather  prediction. 

R.  H.  Dudley  :  Railroad  time  service. 

A.  J.  Cook  :  Contributions  of  apiculture  to  science. 

4.  Jieport  of  the  Superintendent  of  the  United  States  Coast 
Survey^  showing  the  progress  of  the  work  for  the  fiscal  year  end- 
ing with  June,  1876.  418  pp.  4to,  with  24  mapti.  Washington, 
1879. — Among  the  various  memoirs  inserted  as  appendices  to  this 
Report,  there  are  the  following :  A  new  system  of  hinary  arith- 
metic, by  B.  Peibcb  ;  Methods  of  registering  tidal  observations 
with  illustrations,  by  R.  S.  Avery  ;  Keport  on  the  physical  sur- 
vey of  New  York  harbor,  1876;  Note  on  the  theory  of  economy 
in  research,  by  Assistant  C.  S.  Pbirce  ;  Measurement  of  gravity 
at  initial  stations  in  America  and  Europe;*  Comparison  of  the 
methods  of  determining  heights  by  leveling,  vertical  angles,  and 
barometer,  by  G.  Davidson  and  C.  A.  Schott  ;  Observations  on 
limoBpheric  refraction,  and  hypsometric  formulae  based  on  thermo- 
dynamic principles,  by  C.  A.  Schott  ;  and  a  chart  of  the  mag- 
netic dechnation  in  the  United  States,  by  C.  A.  Schott.  There  is 
also  a  list  of  publications  relating  to  the  deep  sea  investigations 
carried  on  in  the  vicinity  of  the  coast  of  the  United  States  under 
the  auspices  of  the  Coast  Survey,  which  commences  with  obser- 
vations by  Count  Pourtales  in  the  year  1850. 

5.  On  Spodumene  and  the  results  of  its  alteration  from  Branch- 
mUCj  Ct. ;  by  6.  J.  Brush  and  E.  S.  Dana  :  note  to  the  article 
on  p.  257. — The  sections  represented  in  figs.  15  and  16  (p.  264), 
figs.  17  and  18  (p.  265),  and  19  (p.  270),  are  magnified  300  diam- 
eters. 

OBITUARY. 

Charles  Thomas  Jackson,  early  eminent  as  a  chemist,  miner- 
mlogist,  geological  explorer  and  teacher,  and  long  identified  with 
the  science  of  Boston,  died  on  the  29th  of  August  last,  at  Sum- 
merville,  Mass.  Dr.  Jackson  was  born  in  Plymouth,  Mass.,  June 
21, 1805.  While  yet  a  student  of  medicine  in  Harvard  University, 
Jackson  prepared,  in  connection  with  the  late  Francis  Alger,  of 
Soston,  a  new  geological  and  raineralogical  map  of  Nova  Scotia, 
'which  was  published  in  the  Memoirs  of  the  American  Academy 
mt  Boston.     He  subsequently  studied  science  in   Paris,  under  the 


852  Obituary. 

most  eminent  masters,  and  retained  the  warm  personal  friendship 
of  Elie  do  Beaumont,  throughout  life.  Returning  to  America  in 
1832  he  soon  abandoned  medical  practice  and  devoted  his  ene^ 
gies  and  talents,  with  great  enthusiasm,  to  the  prosecution  of 
science.  He  opened  the  first  chemical  laboratory  in  the  United 
States  for  the  instruction  of  students  in  mineral  analysis,  and 
there  some  of  our  leading  chemists  had  their  earliest  laboratory 
experience.  He  became  the  director  of  the  earliest  geological 
explorations  in  Lake  Superior,  and  of  the  geological  surveys  of 
Rhode  Island  and  Maine.  His  controversy  with  Morse,  for  the 
prior  invention  of  the  electro-magnetic  telegraph,  is  well  remem- 
bered, and  the  more  acrimonious  one  on  the  subject  of  etherial 
anesthesia  will  probably  never  be  settled  to  the  satisfaction  of 
the  friends  of  either  Jackson  or  Morton.  The  French  Academy, 
after  an  investigation,  decreed  a  prize  of  2,500  francs  to  each  of 
the  contestants.  In  the  catalogue  of  the  Royal  Society  there  are 
sixty-nine  titles  under  Dr.  Jackson's  name,  prior  to  1863,  and  hit 
name  is  found  often  as  a  contributor  to  the  early  volumes  of  this 
Journal.  The  older  chemists  will  remember  his  powerful  blast- 
lamp  for  alkaline  fusions,  which  did  good  service  before  the  intro- 
duction of  street  gas  became  general  in  laboratories.  He  was  an 
active  member,  and  long  the  president,  of  the  Boston  Society  of 
Natural  History.  b.  & 

Professor  Samuel  Sherman  Haldeman  died  on  Friday,  the 
I7th  of  September,  at  his  home  in  Chickies,  Pennsylvania,  aged 
sixty-eight  years.     Hfe  was  bom  near  Columbia,  Pa.,  in  1812,  and 
graduated  at  Dickinson  College  in  1830.     In   1836  he  was  con- 
nected with  the  Geological  Survey  of  New  Jersey,  and  the  fol- 
lowing year  with  that  of  Pennsylvania.     He  was   Professor  of 
Natural  History  in  the  University  of  Pennsylvania  from  1851  to 
1866,  and  in   1856  took  the  same  chair  in  Delaware  College,  and 
also  that  of  Professor  of  Geology  and  Chemistry  in  the  Agrical- 
tnral  College  of  Pennsylvania.     He  afterward  became  Profcswr 
of  Philology  in  the  University  of  Pennsylvania.     For  many  yean 
ho  worked  with  great  zeal   and  success  in  entomology  and  con- 
chology,  and  published  various  memoirs,  describing  new  s[)ecies 
and  illustrating  the  broader  subject  of  geographicju  distribution. 
Among  these  are  his  work  on  the  "  Freshwater  Mollusoa  of  the 
United  States,"  his  "  Zoological  Contributions,"  and  a  paper  on 
the   Coleoptera   Longicornia  of  the  United   States.      Later  he 
devoted  himself  especially  to  philological  studies,  phonetics  and 
orthography.     His  "  Analytic  Orthography"  obtained  for  him  in 
England,  the  Trevelyan   prize  in  1868.     He  paid  much  attentioD 
to  the  Indian  languages  of  North  America  and  their  pronunciation 
Tlie  diversity  of  his  tastes  and  learning  is  further  shown  in  hi« 
"  Tours  of  a  Chess  Knight"  (1864),  a  volume  of  ninety  pages  illofr 
trated  with  114  figures,  jind  containing  a  bibliography  including 
sixty  references. 
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Art.  XSXYIL—%)€clroscopic  Notea,  1879-80;  by  Professor 
0.  A.  Young,  Princeton,  N.  J. 

I.  Double  revenat  of  tinea  in  Chromoaphere  Spectrum. 

The  magnesium  lines  of  the  b  group,  and  the  two  D-lines  of 
lodium  have  been  seen  several  times  (first  on  June  5,  1880) 
iotibly -reversed  in  the  spectrum  at  the  base  of  a  prominence. 

A  bright  line  first  appears  in  the 
center  of  the  widened  dark  lines;  . 
then  this  bright  line  grows  wider 
and  bazy  at  tbe  edge,  and  a  thin 
dark  line  appears  in  its  center,  as 
sbown  in  the  figure.  The  phenom- 
enon lasts  usually  from  ten  minutes 
to  an  hour.  It  is  evidently  the  ex- 
act correlative  of  the  double  rever- 
sal of  the  bright  sodium  lines,  ob- 
servable in  the  fiame  of  a  Bunsen 
burner  or  alcohol  lamp  under  cer- 
tain circumstances  when  tbe  quan- 
tity and  temperature  of  the  sodium  vapor  in  the  flame  are 
greatly  increased. 

XL  Hie  H-/ines  in  the  Chromosphere  and  Sun-epot  Spectra. 

In  1872, 1  found  the  H-  and  K-lines  to  be  reversed  in  the 

spectra  of  prominences  and  sun-spots,  as  observed  at  Sherman, 

8,000  feet  above  the  sea.     Until  recently  I  have  not  been  able 
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to  verify  the  observation,  except  for  a  moment  during  the 
eclipse  of  1878.  During  the  past  summer,  however,  I  have 
succeeded  in  seeing  them  again,  and  with  suitable  precautions 
as  to  shade-glass,  adjustment  of  slit  to  true  focal  plane  lor 
these  special  rays,  and  exclusion  of  extraneous  light,  I  have  no 
further  difficulty  with  the  observation.  The  spectroscope 
employed  has  collimator  and  view -telescope  each  of  IJ  inches 
aperture,  and  about  thirteen  inches  focal  length,  and  a  specu- 
lum-metal Rutherfurd  grating  with  17,800  nnes  to  the  inch. 
A  shade  of  cobalt  blue  glass  greatly  aids  the  observation. 
The  solar  image  is  IJ  inches  in  diameter. 

In  the  spectrum  of  the  chromosphere,  H  and  K  are  both 
always  reversed.  I  have  never  failed  to  see  them  both  when 
circumstances  were  such  that  A,  the  nearest  of  the  hydn^en 
lines,  could  be  seen. 

Furthermore,  H,  in  the  chromosphere  spectram,  is  always 
double:  that  is,  a  fine  bright  line  always  accompanies  the 
principal  line,  about  one  division  of  Angstrom's  scale  below. 
The  principal  line  seems  to  be  exactly  central  in  the  wide  dark 
shade,  the  other  is  well  within  the  nebulosity.  K  on  the  other 
hand  shows  no  signs  of  duplicity. 

In  the  spectrum  of  a  sun  spot  H  and  K  are  also,  both  of 
them,  generally,  though  not  always,  reversed ;  and  the  reversal 
is  not  confined  to  the  spot,  but  covers  often  an  area  many  times 
larger  in  its  neighborhood. 

In  the  spot  spectrum,  however,  H  has  never  yet  been  seen 
double.  The  companion  line  of  H  is  therefore  probably  due 
to  some  other  substance  than  that  which  produces  H  and  K; 
a  substance  prominent  in  the  chromosphere,  but  not  specially 
so  in  the  neighborhood  of  spots.  In  view  of  the  recent  obser- 
vations of  Vogel,  Draper  and  Huggins,  it  is  natural  to  think 
that  hydrogen  is  prooably  the  element  concerned.  If  so,  it 
may  be  expected  that  EI  will  be  found  doubled  in  the  spectrum 
of  a  spot  which  reverses  the  hydrogen  line  h.  I  have  not  yet 
been  able  to  test  it  in  this  way,  as  h  is  rarely  seen  reversed, 
though  C  and  P  occur  pretty  frequently.  (See,  further,  a  note 
by  the  author  in  the  miscellany  beyond.) 

IIL  JEktamination  of  lines  in  the  Solar  Spectrum  which  are  ffitm 
in  the  Maps  as  common  to  two  or  more  substances. 

For  this  purpose  a  spectroscope  of  high  dispersion  has  been 
constructed  by  combining  the  grating  mentioned  above,  which 
has  about  four  square  inches  of  ruled  surface,  with  a  collima- 
tor and  observing  telescope  each  of  three  inches  aperture  and 
about  42  inches  focal  length,  using  magnifying  powers  ranging 
from  50  to  200.  The  apparatus  is  arranged  upon  a  wooden 
frame  work,  and  when  in  use  is  strappea  to  tne  tube  of  the 
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12-feet  equatorial  of  our  observatory,  so  that  it  is  kept  by  the 
driving  clock  directed  to  the  sun.  An  image  of  the  sun  is 
formed  on  the  slit  by  an  achromatic  object  glass  of  three  inches 
aperture,  in  order  to  increase  the  light  and  to  avoid  the  widen- 
ing of  the  lines  due  to  the  sun's  rotation.  A  large  prism  of 
about  20°  angle  was  sometimes  placed  in  front  of  this  object 
glass  (between  it  and  the  sunj  to  separate  the  colors  before 
reaching  the  slit ;  and  in  examming  the  darker  portions  of  the 
spectrum  a  concave  cylindrical  lens  was  sometimes  used  next 
the  eye,  like  a  shade  glass,  to  reduce  the  apparent  width  of  the 
spectrum  and  thus  increase  its  brightness. 

The  grating  is  an  admirable  one,  on  the  whole  the  best  I 
have  ever  seen.  But  I  have  been  greatly  surprised  at  its  ex- 
cessive sensitiveness  to  distortion  by  pressure  or  inequalities  of 
temperature.  Although  the  plate  is  fully  f  of  an  inch  thick, 
and  only  3}  inches  square,  an  abnormal  pressure  of  less  than 
a  single  ounce  at  one  corner  will  materially  modify  its  behavior, 
and  a  quarter  of  a  pound  destroys  the  definition  entirely.  In 
&ct  the  plate  is  not  naturally  exactly  flat,  and  to  get  its  best 
performance  it  is  necessair  to  crowd  a  little  wedge  gently 
under  one  comer.  When  it  is  in  good  humor  and  condition, 
however,  the  performance  is  admirable ;  one  could  wish  for 
nothing  better,  unless  for  a  little  more  light  in  the  violet  por- 
tions of  the  spectrum. 

With  this  instrument  I  have  examined  the  70  lines  given  on 
Angstrom's  map  as  common  to  two  or  more  substances. 
(At  the  time  of  the  meeting  of  the  American  Association  for 
the  Advancement  of  Science,  at  Boston,  I  had  finished  the 
examination  of  only  47).  Of  the  70  lines,  56  are  distinctly 
double,  or  triple ;  7  appear  to  be  single  ;  and  as  to  the  remain- 
ing 7,  I  am  uncertain  ;  in  most  cases,  because  I  was  unable  to 
identify  the  lines  satisfactorily  on  account  of  their  falling  upon 
spaces  thickly  covered  with  groups  of  fine  lines,  none  of  which 
are  specially  prominent 

As  a  general  rule  the  double  lines  are  pretty  close,  the  dis- 
tance being  less  than  that  of  the  components  or  the  1474  line. 
Generally  also  the  components  are  unequal  in  width  or  dark- 
ness or  both,  though  in  perhaps  a  quarter  of  the  cases  they  are 
alike  in  appearanca  The  doubtful  lines  are  the  following, 
designated  by  their  wave  length  on  Angstrom's  map :  5489*2, 
5425-0,  53961,  5265-8,  42715,  42539  and  42268.  I  strongly 
suspect  5396*1  and  5265*8  (which  present  no  difficulty  in  iden- 
tification), of  being  double,  but  could  never  fairlv  split  either 
of  them,  and  therefore  leave  them  among  the  douotfuls. 

Those  which  show  no  signs  of  doubling,  so  far  as  could  be 
seen,  were:  6121*2,  6064*5,  5019*4,  4585*3,  4578*3,  4249*8,  and 
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In  respect  to  the  lines  50194,  4585*3  and  4287-5  it  is  quite 
possible  there  may  be  some  mistake  as  to  the  coincidence, 
since  in  his  tables  Thalen  gives  neither  of  them  as  due  to  iron. 
An  accidental  strengthening  of  the  dotted  line,  which,  on  the 
map,  leads  up  from  the  symbol  of  the  element  concerned, 
through  the  iron  spectrum,  would  account  for  the  matter,  by 
making  the  line  appear  on  the  map  as  belonging  to  iron  also. 

As  the  facts  stand,  therefore,  it  is  obvious  that  arguments 
which  have  been. based  upon  the  coincidence  of  lines  in  the 
spectra  of  different  elements  lose  much  of  their  force ;  it  ap- 
pears likely  that  the  coincidences  are  in  all  cases  only  near 
approximations.  At  the  same  time  this  is  certainly  not  yet 
demonstrated.  The  complete  investigation  of  the  matter  re- 
quires  that  the  bright  line  spectra  of  the  metals  in  question 
should  be  confronted  with  each  other  and  with  the  solar  spec- 
trum under  enormous  dispersive  power,  in  order  that  we  may 
be  able  to  determine  which  of  the  components  of  each  double 
line  belongs  to  one,  and  which  to  the  otner  element  If,  in  this 
research  it  should  be  found  that  both  of  the  components  of  a 
double  line  were  represented  in  the  spectra  of  two  different 
metals,  and  the  suspicion  of  impurity  were  excluded,  we 
should  then  indeed  have  a  most  powerful  argument  in  favor  of 
some  identity  of  material  or  architecture  in  the  molecules  of 
the  two  substances  involved. 

IV.  Distortion  of  Solar  Pro?ninences  by  a  diffraction  spectro- 
scope. 

Generally,  in  such  an  instrument,  the  forms  seen  through 
the  opened  slit  are  either  disproportionately  extended  or  com- 
pressed along  the  line  of  dispersion.  The  reason  is  this :  if 
the  slit  be  illuminated  by  monochromatic  light,  the  images  of 
the  slit,  formed  on  each  side  of  the  simple  reflected  image  in 
the  focus  of  the  view-telescope  (which  is  supposed  to  have  the 
same  focal  length  as  the  collmiator),  will  have  the  same  width 
as  the  slit  itself  only  in  one  special  case,  not  usually  realized 
with  a  reflecting  grating. 

If  the  angle,  between  the  normal  to  the  grating  and  the 
view-telescope,  is  less  than  that  between  the  normal  and  the 
collimator,  tne  slit-image  will  be  narrower  than  the  slit,  and  a 
prominence  seen  through  it  will  be  compressed  in  the  plane  of 
dispersion.  If  the  relation  of  the  angles  be  reversed,  then  of 
course  the  distortion  will  also  be  reversed,  and  we  shall  have 
extension  instead  of  compression. 

The  mathematical  theory  is  very  simple.  Suppose  the  colli- 
mator  and  telescope  to  be  fixed  at  a  constant  angle,  as  in  the 
now  usual  arrangement. 
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Let  angle  between  telescope  and  collimator  =  a. 
Angle  between  telescope  and  normal  to  grating  =  r. 
Then  angle  between  collimator  and  normal  =  x=  a  —  t. 
Also,  let  space  between  adjacent  lines  of  grating  =  s, 
And  the  order  of  spectrum  observed  =  n. 
Then,  by  principles  of  spectrum  formation,  we  have 


=  n{  Binr-sinx^, 


A  being  the  wave  length  of  the  ray  which  is  in  the  center  of 
the  field  of  view : 

whence  sin  r  =  — +  sin  h, 

8 

Differentiating,  we  have  at  once 

cos  H  coa.(a — r)  , 

^^^^^S^^*^     <>••  COST         "'"•> 

which  reduces  to,  rfr=(cosa  +  sin  a  tan  r)dx.  Distortion 
can  only  disappear  in  cases  when  this  coefficient  of  dx  reduces 
to  unitv.     Special  cases — 

1.  if  r  =  X  there  is  no  distortion — but  also  no  dispersion  : 
it  is  the  case  of  simple  reflection. 

2.  If  x=0,  the  grating  being  kept  normal  to  the  coUimatop, 
then  dr  =  sec  a  dx, 

8.  If  r  =0,  the  grating  being  kept  normal  to  the  telescope 
(which  in  this  case  must  be  movable),  then  rfr  =  cos  a  dx. 

4.  If  a=90°,  rfr  =tan  r  dx. 

5.  If  a=0,  dT=dxj  and  there  is  no  distortion. 

This  is  possible  only  by  using  the  same  tube  and  object- 
glass  both  for  collimator  and  view-telescope,  the  grating  being 
slightly  inclined  at  right  angles  to  the  plane  of  dispersion. 
The  principal  difficulty  in  this  form  of  instrument  lies  in  the 
diffuse  light  reflected  by  the  surfaces  of  the  object-glass.  It  is 
hoped  that  this  may  be  nearly  obviated  by  a  special  construc- 
tion of  the  lens  which  will  throw  the  reflected  light  outside  of 
the  eyepiece.  An  instrument  on  this  plan  is  being  made  for 
Professor  Brackett  by  the  Clarks,  for  use  in  the  physical  labora- 
tory at  Princeton,  and  is  now  nearly  completed. 

Prinoeton,  Sept  2*7,  1880. 

Note  to  the  preceding  Article^  by  Professor  C.  A.  Young. — An 
observation  made  since  my  paper  was  written,  leads  me  to  modify 
this  opinion,  that  the  companion  of  H  is  due  to  hydrogen,  and 
satisfies  me  that  in  all  probability  both  H  and  K  must  themselves 
be  hydrogen-lines.  At  1 1  a.  m.  on  October  7,  a  bright  horn  ap- 
peared on  the  S.  E.  limb  of  the  sun.  When  first  seen  it  was  about 
3'  or  4'  in  elevation,  but  it  rapidly  stretched  up  and  before  noon 
reached  a  measured  altitude  of  over  13'  (350,000  miles  -|-)  above 
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the  Bun's  limb.  It  faded  away  and  disappeared  about  12.30.  It 
was  brightest  about  11.80  with  an  altituae  of  about  8',  and  at  tMs 
time  both  H  and  K  were  distinctly,  and  for  them,  brilliantly 
reversed  in  it  clear  to  the  summit.  U  was  not  double  in  it  to  any 
notable  elevation,  though  the  companion  of  H  was  visible  at  the 
base  of  the  prominence.  The  H-  and  K-lines  also  showed  evidence 
of  violent  cyclonic  action,  just  as  C  did.  h  was  only  faintly  visi- 
ble  in  the  prominence;  F  and  the  line  near  Y  were  of  course 
strong.  But  no  other  lines,  either  of  sodium,  magnesium,  or 
anything  else,  could  be  traced  more  than  a  verv  few  seconds  of 
arc  above  the  sun's  limb.  I  am  not  able  to  say  how  long  the  H- 
lines  continued  visible,  or  to  what  elevation  they  extended  afte^ 
wards,  as  I  returned  to  the  C-line  to  watch  the  termination  of  the 
eruption.  If  I  remember  rightly,  this  eruption  reached  a  hieher 
elevation  than  any  before  observed.  There  was  (and  is  to-3ayJ 
nothing  on  the  sun's  limb  visible  with  the  telescope  which  woola 
account  for  it. 
Princeton,  Oct  8. 


Art.  XXXVIII.  —  On  the  thermo-electric  power  of  Iron  and 
Platinum  in  vacuo ;  by  Professor  C.  A.  YouNG,  of  Princeton, 
N.  J. 

ExNER,  a  few  months  ago,  published  a  paper  asserting  that 
the  thermo-electric  power  of  antimony  and  bismuth  is  de- 
stroyed by  removing  them  from  all  contact  with  oxygen,  and 
immersing  them  in  an  atmosphere  of  pure  nitrogen.  From 
this  he  argues  that  the  thermo-electric  force  in  general  is  due 
to  the  contact  of  the  gases  which  bathe  the  metals.  The 
following  experiment  was  tried  to  test  the  theory  : 

By  the  kindness  of  Mr.  Edison  and  Mr.  Upton  a  vacuum 
tube  was  prepared  in  Mr.  Edison's  laboratory,  containing  an 
iron  wire,  about  two  inches  long,  firmly  joined  to  two  platinum 
terminals  which  passed  through  the  walls  of  the  tube;  the 
tube  was  exhausted  until  the  spark  from  a  two-inch  induction 
coil  would  not  pass  ^  of  an  inch  in  the  gauge-tube,  indicating  a 
residual  atmosphere  of  about  one-millionth.  The  wire  was 
heated  to  incandescence  during  the  exhaustion,  in  order  to 
drive  off  any  possible  occluded  gases.  The  platinum  wires 
outside  the  tube  were  joined  to  iron  wires,  the  joinings  being 
covered  by  glass  tubes  slipped  over  them,  and  a  sensitive 
reflecting  galvanometer  was  included  in  the  circuit  By  laying 
the  tube  and  connected  joinings  in  the  sunshine,  and  alter- 
nately shading  one  or  several  of  the  joinings  it  was  found  that 
the  electro-motive  power  of  the  joinings  within  the  tube  was 
precisely  the  same  as  that  of  those  without,  and  the  develop- 
ment of  current  just  as  rapid.  There  was  no  trace  of  any 
modification  due  to  the  exhaustion. 
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Art.  XXXIX. — Geological  Relations  of  the  Limestone  Belts  of 
Westchester  County,  New  York ;  by  James  D.  Dana.     (With 
a  Map,  Plate  V.) 

[Continued  from  page  220.] 

2.  Distribution  of  the  Belts  or  Areas  of  Limestone. 

The  limestone  areas  of  the  county  have  the  distribution 
shown  on  the  accompanying  map  (Plate  V),"  the  colored 
portions  representing  tnem.  The  intermediate  surface  is  occu- 
pied by  the  crystalline  schists — mostly  mica  schist  and  gneiss — 
as  already  explained.  I  have  not  attempted,  in  my  stuoy  of  the 
rocks,  to  ascertain  the  outlines  of  the  areas  of  these  schists, 
because  my  purpose  was  accomplished  when  their  conforma- 
bility  and  their  conformable  relations  to  the  limestone  beds 
were  ascertained,  and  the  time  I  could  command,  without  aid 
in  the  work,  was  insuflBcient  for  a  complete  survey  of  the 
county.  Moreover,  the  distinction  of  mica  schist,  micaceous 
gneiss,  thick-bedded  feldspathic  gneiss,  hornblende  schist,  is, 
in  many  parts,  of  no  stratigraphical  value,  these  unlike  rocks, 
as  has  been  stated  (p.  29),  often  occurring  in  alternations  and 
graduating  into  one  another  in  the  direction  of  the  bedding  as 
well  as  transverse  to  it,  rendering  a  correct  mapping  of  their  dis- 
tribution next  to  impossible  There  are,  however,  areas  of  the 
hard  feldspathic  gneiss  in  which  micaceous  bands  seldom 
occur,  that  might,  after  careful  study,  be  more  or  less  perfectly 
laid  down.  The  limestone  areas  often  contain,  as  stated  on  p. 
29,  more  or  less  mica  schist  or  gneiss,  which  is  not  indicated 
on  the  map,  partly  owine  to  the  small  scale  of  the  map,  but 
largely  to  the  fact  that  the  two  are  often  so  interstratified  that 
their  separation  is  hardly  possible,  especially  under  the  diffi- 
culties from  the  covering  of  alluvium  or  drift.  In  several 
cases  the  schist  is  an  overlying  or  underlying  stratum,  included 
in  the  flexure  ;  and  further  study  may  prove  this  to  be  true  in 
some  not  so  explained  in  the  descriptions  beyond.  A  geologist, 
on  commencing  his  study  of  the  limits  of  these  limestone  areas, 
would  be  likely  to  give  less  weight  than  I  have  done  to  the 
evidence  from  the  form  and  flat  bottom  of  the  valleys,  while 
with  longer  study  he  would  be  pretty  sure  to  be  satisfied  with 
the  conclusions  arrived  at 

The  T-shaped  symbols  on  the  map  indicate  the  strike  and 
dip  of  the  beds,  both  of  the  limestone  and  schist;   the  top 

^  This  map,  apart  from  its  geological  facts,  is  Colton's  pocket  map  of  West- 
diester  Coant7  reduced  one-half,  with  also  the  roads  and  most  of  the  names  of 
places  omitted.  A  slight  change  has  been  made  in  the  coast  west  of  Gruger's, 
and  the  Putnam  County  portion  has  been  put  on  from  Putnam  County  maps. 
By  photographing  it  double  of  its  present  size,  the  position  of  the  areas  and 
T-symbols  with  reference  to  aU  roads  may  be  ascertained  on  comparison  with 
Oolton's  map. 
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of  the  T  shows  the  direction  of  the  strike,  and  the  stem  that 
of  the  dij)  (or  pitch)  of  the  beds  for  the  locality  situated  at 
their  junction.  Moreover,  the  length  of  the  stem  as  compared 
with  that  of  half  the  top  of  the  T  is  made  to  give  an  approxi- 
mate idea  of  the  amount  of  dip,  according  to  the  following 
scheme ;  ratio  for  80°,  1:4;  for  70°,  1:3;  for  60°,  1 : 2 ;  for 
50°,  i:li;  for  45°,  1:1;  for  86°,  U:l;  for  25°,  1^:1;  for 
16°,  2:1. 

In  the  following  descriptions  of  the  belts  I  speak :  first,  of  the 
SoUTJiERN  section  of  the  county,  from  New  York  Island  to 
White  Plains ;  secondly^  of  the  Middle  section,  from  White 
Plains  to  Croton  Lake  ;  and  Hiirdly,  of  the  Northern  section, 
north  of  the  latitude  of  Croton  Lake.  The  areas  are  num- 
bered on  the  map,  and  these  numbers  are  used  in  connection 
with  the  descriptions. 

The  following  pages  contain  only  the  general  facts  respect- 
ing the  scvenil  belts — their  position  and  features  ;•  the  average 
strike  and  dip ;  the  characteristics  of  the  limestone,  and  the 
kinds  of  adjoining  rocks  and  their  relations  as  to  position.  The 
details  with  regard  to  the  various  directions  of  strike  and  dip 
at  all  the  points  marked  by  symbols  on  the  map  and  for  other 
(K)ints  not  thus  indicated,  which  make  part  oi  this  paper  as 
prej>ared,  are  reserved,  with  other  details,  for  an  Appendix. 

a.  Southern  Section  of  the  Cotinty. 

Throe  areas  or  belts  commence  in  New  York  Island  and  ex- 
tend two  to  four  miles  into  Westchester  CJounty.  The  adjoin- 
ing nx^ks  are  mica  schist  and  micaceous  gneiss  and  in  some 
part8  thiok-beddeil  gneiss. 

Atra  1. — The  eastern  of  these  three  belts,  which  may  be 
called  the  Ti-emont,  extends  from  Fordham  southward  to  Har- 
lem River,  and  from  thence  into  New  York  Island.  It  reaches 
Harlem  River  bv  (ico  lines,  a  tcestern  at  Mott  Haven  and  an 
eastern  at  the  mouth  of  Morris  Mill  brook,  west  of  Brook 
avenue.     The  main  strike  is  N.  18-25°  E." 

The  urstern  of  these  southern  terminations,  or  that  of  Mott 
Haven,  shows  itself  just  east  of  the  railroad,  south  of  the  Mott 
Ilavon  railn>ad  station,  in  two  limestone  hills  which  will  soon 
disappear  frL>m  grading.  The  rock  on  the  west  or  opposite 
side  of  the  railro:\d  at  this  }K>int  is  somewhat  contorteid  mica 
schist ;  and  lavers  of  the  same  kind  of  schist  are  involved 
among'  the  becls  of  the  northern  of  the  hilk.  Near  the  Mott 
Haven  doiK»t>  the  limestone  i>asses  to  the  west  side  of  the  rail- 
n^ad,  and  fn^m  thence  it  continues  northward  on  botii  sides. 
The  astern  line  ha^^  large  outcrops  of  purer  limestone  near 

^^  Tho  ;»ng1c  here  iaimI  ^>  el5ewbei«  in  this  pitper)  is  oocrected  for  magnetio 
n^rtAtivvii.  In  slating  the  4ijs  onlj  the  point  of  the  onmp—H  is  mentloiiad  ia  i 
}ivr,oniil  wv*  ^  ex»ot  direction  being  at  right  «ng)ee  to  tiie  strike. 
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142d  street,  and  at  many  points  to  the  north.  The  eastern 
and  western  lines  be<^me  united  in  one  wide  belt  in  Morris- 
ania  which  continues  northward  through  Treraont  to  Fordham. 
Toward  Harlem  River  the  interval  between  these  two  lines  is 
low  and  flat,  without  outcrops  of  rock  at  the  present  time  ex- 
cept some  micaceous  gneiss  to  the  eastward.  On  142d  street, 
east  of  the  brook,  there  is  a  locality  of  hydrous  anthophyllite 
and  impure  serpentine  which  will  soon  be  graded  away.  The 
dip  of  the  beds  of  limestone  in  Tremont,  and  at  points  south 
of  the  place,  indicate  that  the  belt  of  limestone  from  Fordham 
southward  is  a  denuded  anticlinal  fold  ;  and  assuming  that  the 
limestone  of  the  belt  divides  southward,  as  the  facts  appear  to 
show,  the  axis  of  the  fold  has  a  small  northward  pitch.  This 
division  of  the  limestone  to  the  south  into  two  bands,  an  eastern 
and  western,  separated  by  intervening  schist,  would  come  from 
the  wearing  down  of  such  a  fold  to  a  horizontal  surface. 

That  this  statement  may  be  understood  by  readers  not  familiar 
with  the  subject,  the  accompanying  diagram,  giving  a  general 
idea  of  the  condition  supposed,  is  here  introduced:  it  is  intended 
to  represent  an  anticlinal  fold  with  an  inclined  axis  but  vertical 
axial  plane,  in  which  layers  of  gneiss  are  enveloped  by  a  stratum 


of  limestone.  In  the  horizontal  section,  e/ffj  the  limestone  of 
the  two  sides  is  in  one  connected  mass  from  e  to  m,  but  in  two 
bands  separated  by  intervening  gneiss  from  m  to  fg.  The  same 
also  is  shown  in  the  section  a  b  c. 

Professor  Gale  states"  that  the  gneiss  along  4th  avenue  from 
118th  to  120th  street  is  in  places  half  limestone ;  and  Professor 
D.  S.  Martin  has  observed"  the  same  on  124th  street;  and 
these  localities  are  in  a  line  with  the  Mott  Haven  and  Tremont 
belt,  and  indicate  its  southward  extension  into  New  York 
Island,  as  recognized  by  Mr.  R.  P.  Stevens." 

This  Tremont  belt  is  widened  on  its  west  side  in  Morrisania, 
over  Fleetwood  Park,  in  consequence  of  a  second  anticlinal 
(see  map),  but  one  having  the  axis  inclined  southward^  or  in  the 
opposite  direction  from  that  of  the  main  belt.  That  the  axis 
has  this  inclination  is  shown  by  the  strike  and  dip  of  the  mica 
schist  which  divides  the  northern  end  of  this  western  exten- 
fflon,  and  its  widening  northward.  At  a  section  of  the  schist 
on  the  north  side  of  the  park  the  dip  is  in  opposite  directions ; 

>•  Mather's  N.  Y.  Report,  p.  59H. 

"  Proc.  Lye.  Nat  Hist  New  York,  1871,  i,  222.        "  Annals,  ibid.,  viii,  116. 
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and  farther  north  on  the  Morrisania  side,  the  anticlinal  is  a 
more  gentle  one.  The  limestone  here  extends  over  half  a  mile 
west  of  the  railroad,  the  western  limit  being  nearly  half  way 
up  the  slope  that  makes  the  high  western  side  of  the  park. 

Area  2. — The  second  belt,  or  that  of  "  the  Clove,  follows 
Cromweirs  Creek,  north  of  Central  (or  McComb*s  Dam)  Bridge 
and  the  brook  emptying  into  it.  The  most  southern  outcrop 
occurs  about  a  mile  north  of  the  bridge  above  the  crossing 
of  the  brook  by  Central  avenue.  Some  of  the  layers  at  this 
place  contain  much  chlorite  in  bright  green  scales.  It  out- 
crops again  near  the  **Club  House.  North  of  this  the  pres- 
ence of  limestone  is  indicated  only  by  the  form  and  definite- 
ness  of  the  valley  and  by  the  outcropping  schist  on  its  sides. 
The  limestone  varies  much  in  strike,  owing  to  contortions,  bat 
the  adjoining  schist  gives  for  the  strike  about  N.  25°  E. 

This  belt  f)robably  continues  southward  into  New  York 
Island,  as  R.  P.  Stevens  has  observed,"  who  says  that  in  grading 
east  of  6th  avenue  in  132d  street,  limestone  was  cut  through. 

Area  8. — This  limestone  belt  is  a  prominent  feature  of  the 
north  end  of  New  York  Island.  From  the  island  it  extends 
three  miles  northward  into  Westchester  County,  along  Tibbitfs 
Brook.  At  Kingsbridge  a  deep  cut  is  made  through  it  for  the 
Hudson  River  railroad.  North  of  this  place  it  is  not  in  sight 
along  Van  Cortland's  Lake,  but  outcrops  at  points  in  the  val- 
ley of  Tibbit's  Brook  above  this  to  if  not  beyond  the  stone- 
arched  bridge,  nearly  three  miles  from  Kingsbridge.  Crumb- 
ling masses  of  the  limestone  lie  on  the  eastern  approach  to 
this  bridge  which,  as  I  am  informed  by  the  superintendent 
in  its  construction,  Mr.  John  Wetherill,  were  quarried  in  that 
vicinity,  his  letter  sajing  he  "opened  several  quarries  for 
stone  for  the  bridge,''  and  found  **  all  the  rock  of  the  valley  to 
be  limestone  of  a  poor  kind.'*  The  mica  schist  on  the  east 
side  of  the  valley  along  the  Croton  Aqueduct,  south  of  the 
bridge  referred  to,  has  the  strike  N.  20°  E.,  and  that  at  Kings- 
bridge  N.  37°-40°  E..  the  dip  in  both  70^-75°  to  the  eastward. 

The  limestone  area  from  Kingsbridge  southward  was  imper- 
fectly mapped  by  Dr.  L.  D.  Gale.**  South  of  the  Harlem,  it 
widens  on  its  eastern  side  for  the  first  mile  and  just  north  of 
the  oastand-west  inlet  called  Sherman  s  Creek,  extends  from 
a  poiui  west  of  the  **  Kingsbridge  road'  or  Inwood  street  to 
the  Harlem  River.  Thence  its  tcesteru  side  has  a  narrow 
continuation  southward  along  the  Kingsbridge  road  in  a  wcll- 
defineil  valley  wall-sided  on  the  west,  while  its  broad  middle 
portion  is  fronte^l,  south  of  Sherman  Creek,  by  hills  of  mica- 
cev>us  srneiss :  and  it  is  probable,  judging  from  its  strike,  that 

'*  Annals  T.to,  N;iL  Hist.  New  York,  viii,  lift. 
^  In  M.^Uie'r9  N.  Y.  G^L  Rep.,  PUte  L 
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the  eastern  side  has  its  narrow  continuation  down  Harlem 
River,  as  is  suggested  on  the  map,  although  no  outcrops  appear 
to  prove  it  If  this  be  the  correct  view,  the  area  as  a  whole 
resembles  in  form  the  Tremont  or  No.  1,  and,  like  that,  owes 
the  forked  character  to  its  being  the  remains  of  a  denuded  fold. 
The  most  southerly  outcrop  of  the  limestone  on  the  Kingsbridge 
road  is,  as  found  by  Dr.  Grale,  near  204th  street,  or  about  500 
yards  south  of  Inwood  street,  where  the  width  of  the  valley  is 
nearly  800  yards.  The  valley  fades  out  and  is  closed  by  the 
gneiss  at  182d  street ;  the  limestone  may  exist  beneath  as  £str 
as  190th  street,  if  not  beyond. 

The  supposed  Harlem  River  or  eastern  fork  of  the  belt  has 
an  argument  in  its  favor  in  the  existence  of  a  well-defined  fiat- 
bottomed  valley,  formerly  more  or  less  marshy  and  still  so 
about  its  •mouth,  along  8th  avenue  in  the  direct  line  of  the 
river.  This  valley,  long  since  styled  by  Dr.  Gale  "the  valley 
of  8th  avenue,"  lies  between  7th  and  9th  avenues,  and  has  a 
wall  of  nearly  vertical  gneiss  40  to  80  feet  high  on  part  of  its 
western  side.  The  depression  is  well  defined  to  116th  street, 
and  is  distinct  to  1 10th." 

Over  the  more  southern  part  of  New  York  Island,  in  the 
line  of  the  western  fork  of  the  belt,  there  are  some  localities 
where  serpentine  or  "hydrous  anthophyllite"  occur  in  the 
gneiss ;  and,  although  no  connection  with  this  area  can  be 
traced,  it  is  of  interest  to  note  them  at  this  place.  Dr.  Gale 
states  that  from  69th  street  on  10th  avenue  to  68d  street  at  the 
river,  there  existed  a  vertical  bed  of  hydrous  anthophyllite 
having  gneiss  on  the  east  side  and  granite  on  the  other."  Mr. 
L  Cozzens,  in  a  volume  on  New  York  published  in  1848,  men- 
tions the  occurrence  of  black  serpentine  between  10th  avenue 
and  the  river  and  between  64th  and  62d  street,  in  a  bed  twelve 
feet  wide  containing  also  limestone  and  talc.  At  167th  street, 
100  feet  west  of  10th  avenue,  a  mixture  of  limestone  and  ser- 
pentine has  been  observed. 

North  of  Area  No.  1,  which  stops  at  Fordham,  the  line  of  out- 
cropping limestone  is  shifted  a  little  eastward  to  the  course  of 
the  valley  of  the  Bronx,  in  which  occur,  at  intervals,  the  areas 
numbered  4,  10  and  11 ;  and  from  No.  3,  there  is  a  shift  west- 
ward, to  the  course  of  the  valley  of  Saw  Mill  River,  along 
which  there  are,  at  Yonkers,  two  small  parallel  areas  7  and  8, 
and  farther  to  the  north,  numbers  14  and  16.  The  line  of  No. 
2  may  perhaps  be  represented  in  No.  9,  which  follows  the 
course  of  Grassy  Sprain  Brook.  To  the  east  are  two  areas, 
nearly  in  the  same  line  of  strike,  numbered  6  and  6,  which  are 
the  serpentine  areas  of  New  Rochelle  and  Rye. 

*'  Whether  the  fold  in  this  limestone  is  a  sjnclinal  or  anticlinal,  facts  do  not 
poiitively  decide.    This  point  will  be  further  considered  in  the  appendix. 
«  liather'B  N.  Y.  Geol  Report,  p.  582. 
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As  stated,  these  limestone  areas  follow  the  courses  of  the 
rivers  mentioned  ;  but  the  historical  fact  in  each  case  is  this, 
that  the  river  follows  the  course  of  the  limestone,  the  softnesB 
of  the  latter  rock  causing  it  to  yield  easily  to  eroding  or  denud- 
ing  agents. 

Area  4. — In  this  area,  ledges  of  limestone  show  themsetyes 
just  above  the  point  of  junction  of  the  Harlem  and  New  Ebiven 
railroads,  and  were  cut  through  in  grading  for  the  tracks.  The 
valley  of  the  Bronx  has  here  a  flat  marshy  bottom  and  thk 
continues,  with  the  same  bordering  schist  northward  to  Wert 
Mt.  Vernon  and  southward  to  and  below  Williams  Bridsc^ 
indicating  the  probable  presence  there  of  the  limestone,  as  in- 
dicated on  the  map.  I  was  informed  at  Williams  Bridge  of 
the  former  existence  of  an  outcrop  of  limestone  visible  at  lot 
water,  on  the  river  just  below  the  bridge,  but  failed  to  find  toy 
now.  The  strike  of  the  mica  schist  adjoining  the  belt  on  tlie 
west  is  N.  20°-29°  E.,  and  dip  65°-75°  E. ;  and  west  of  the 
river  at  Williams  Bridge  N.  20°  E.,  dip  66^-75°  W. 

Areas  6  and  6. — These  areas  of  serpentine  with  some  cal- 
careous material,  at  New  Eochelle  and  Rye,  have  been  partly 
described  on  page  30.  The  map  makes  manifest,  by  its  T- 
symbols,  the  conformability  of  the  mica  schist  and  micaoeooi 

fneiss  between  the  West  Mt.  Vernon  limestone  and  the  area  rf 
Tew  Rochelle ;  and  also  shows  that  the  New  Bochelle  and 
Rye  areas  are  nearly  on  the  same  line  of  strike.  There  is  do 
essential  difference  in  the  schist  adjoining  them.  The  dip  of 
the  rocks  around  the  latter  afford  evidence  that  it  is  situated 
along  the  axis  of  a  local  anticlinal.  From  Stamford  westward 
to  the  Harlem  the  dip  is  in  general  westward  ;  but  at  Port- 
Chester  on  the  way  toward  Rye  the  dip  changes  to  eastward, 
and  then  becomes  westward  again  west  of  the  are&.  The  sym- 
bols indicate  the  wrenching  the  beds  underwent  in  the  making 
of  the  fold,  and  show  that  the  fold  was  steepest  and  narrowest 
to  the  southwest,  and  had  its  axis  inclined  to  the  south-south- 
westward. 

The  positions  of  these  areas  with  reference  to  the  schists,  and 
the  conformity  of  the  schists  as  to  kind  from  Rje  to  New 
Rochelle  and  from  the  latter  to  Mt.  Vernon,  are  facts  favorable 
to  the  view  that  they  correspond  in  origin  to  the  limestone 
areas  of  the  more  western  parts  of  Westchester  County. 

Over  the  elevated  country  between  this  region  and  the 
vicinity  of  the  Harlem  railroad,  the  rock  changes  to  a  hard 
gneiss,  thick-bedded  and  granitoid  ;  and,  moreover,  outcrops 
are  few,  the  surface  being  one  of  wide  fields  under  cultivation; 
and  this  continues  northeastward  into  Western  Connecticut 
It  appears  that  upon  these  high  plains  the  earthy  material  or 
drift  left  by  the  glacier  has  remained  almost  undisturbed, 
instead  of  being  cut  through  to  the  rocks  as  on  the  slopes  thai 
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lead  to  the  Sound  on  one  side  and  to  the  valley  of  the  Har- 
lem railroad  on  the  other.  Along  this  railroad,  limestone 
again  appears,  and  before  reaching  it  there  is  a  return  to  mica- 
oeous  gneiss  and  mica  schist 

Areas  7  and  8. — Of  these  areas  at  Yonkers,  number  7,  or  the 
western,  follows  the  course  of  a  north  and  south  bend  in  Saw 
Mill  Biver,  and  has  a  width  of  at  least  100  feet.  It  lies 
beneath  the  city  of  Yonkers,  and  I  am  indebted  for  the  facts 
TCspecting  it  to  Mr.  W.  W.  Wilson,  Engineer  of  the  Yonkers 
Water  Works.  Indications  of  a  more  eastern  belt  (No.  8) 
oocnr  along  the  Saw  Mill  River  valley,  just  north  of  the  city, 
in  the  existence  of  loose  masses  of  limestone  on  the  east  side 
ol  the  river.  But  I  found  no  outcrops  in  my  observation^ 
along  that  southern  portion  of  the  valley,  and  its  width  and 
length  are  therefore  undetermined.  It  is  possible  that  the  two 
areas  may  be  one  cut  into  two  by  a  fracture  and  a  horizontal 
or  oblique  faulting.  The  rocks  are  not  open  to  view  for  a 
decision  of  this  point 

Area  9. — This  small  area,  on  Grassy  Sprain  Brook,  has  a 
width  to  the  south  of  500  yards.  The  strike  is  N.  10''-20°.E. 
ArecLS  10,  11  and  12. — East  of  the  last,  on  the  Eiver  Bronx, 
a  limestone  belt  begins  near  Bronxville,  which,  in  Tuckahoe 
and  Scarsdale,  is  the  site  of  many  marble  quarries.  The  strike 
is  N.  22°-27°  E.  This  limestone  belt  tapers  out  to  the  south, 
'  while  to  the  north,  and  for  the  most  of  its  course,  it  is  divided 
into  two  parts  separated  by  a  band  of  mica  schist  and  gneiss. 
It  is  probable  that  the  whole  corresponds  to  a  decapitated  anti- 
clinal having  its  inclined  axis  dipping  at  a  small  angle  to  the 
south.  To  the  north  of  the  Scarsdale  depot  the  eastern  Itne  is 
not  traceable,  and  the  western  line  appears  to  thin  out 

Limestone  re-appears  on  the  Bronx  100  to  200  rods  to  the 
north  of  the  last,  just  east  of  the  railroad — that  of  area  11 
— and  thence  continues  to  Hartsville,  where  the  strike  is  N. 
17**-24°  E.  A  narrow  strip  of  low  land  follows  the  east  side  of 
the  Bronx  nearly  to  White  Plains,  and  it  is  possible  that  the 
\  belt  is  continued  beneath  it.  About  a  mile  and  a  half  north  of 
White  Plains  a  small  area  of  limestone  shows  itself,  No.  12, 
the  most  of  the  exposure  of  which  is  due  to  the  removal  of  the 
r  stratified  drift 

i  Area  18. — Again,  along  the  Hudson,  north  of  Yonkers, 
f  occurs  the  Hastings  belt.  It  was  formerly  visible  at  Dobb's 
Perry ;  and  it  was  cut  into,  as  I  learn  from  Mr.  Benjamin  S. 
Church,  when  excavations  were  going  on  there  for  the  Croton 
aqueduct  This  river-border  belt  may  have  much  greater 
length  than  is  given  it  on  the  map,  and  greater  width  also ;  for 
the  high  terrace  deposits  (stratified  drift)  of  the  valley  conceal 
all  shore  rocks.  The  adjoining  schists  are  gneiss  with  nearly 
vertical  dip. 
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b.  Middle  Section  of  the  County. 

Areas  14  and  15. — In  Saw  Mill  River  valley — the  same  that 
has  its  limestone  belts  near  Yonkers — a  large  limestone  area 
commenees,  about  two  and  a  half  miles  north  of  Ashford.  It 
widens  much  at  East  Tarrytown  and  continues  northward  to  a 
near  junction  with  the  Pleasantville  area,  No.  15.  The  mean 
strike  for  its  northern  two-thirds  is  about  N.  80*^  E. 

The  Pleasantville  area  also  is  broad  and  sinuous  in  coune 
It  terminates  iust  north  of  the  Chappaqua  depot  The  strike 
near  Unionville  is  N.  24®  E.,  and  at  Pleasantville  (where  there 
are  large  and  valuable  quarries)  mostly  N.  80^-40®  E.  A 
small  independent  limestone  area  (No.  15a)  occurs  just  east  of 
the  Pleasantville  area. 

Areas  16  and  17. — The  long  known  Sing  Sing  belt  com- 
mences south  of  the  depot  on  tne  Hudson  and  extends  north- 
northeast  nearly  to  the  north  boundary  of  the  town  of  Ossin- 
ing ;  and  it  also  branches  eastward  up  a  small  valley  toward 
the  Camp  Woods,  a  furcation  which  seems  to  indicate  the  ex- 
istence of  an  anticlinal  fold  with  the  axis  dipping  southward, 
which  was  made  thus  to  furcate  by  denudation  as  in  the  caae 
of  the  Tremont  area,  No.  1,  the  opposite  direction  of  pitch  in 
the  axis  making  the  difference  in  tne  direction  of  the  furcation. 

No.  17  is  a  small  area  of  contorted  limestone  giving  nothing 
reliable  as  to  strike  or  dip. 

Areas  18  and  19. — A  small  Croton  limestone  area,  No.  18, 
exists  half  a  mile  east  of  the  village,  without  distinguishable 
planes  of  bedding.  Mica  schist  bounds  it  on  the  nortn  ;  but  it 
may  extend  in  the  opposite  direction  to  the  bay,  where  drift 
and  alluvium  conceal  the  rocks. 

South  of  Croton  River  a  narrow  area,  No.  19,  extends  from 
near  a  bridge  northeast  of  the  last,  called  Quaker  Bridge,  to 
the  furcation  of  the  river  at  Huntersville,  about  two  miles,  fol- 
lowing mostly  the  west  side  of  the  road.  Its  southern  portion 
has  a  westward  bend,  with  which  the  strike  of  the  limestone 
corresponds. 

Areas  20,  21  and  22. — No.  20  is  a  very  small  area  at  Merritt's 
Corners  among  contorted  rocks,  giving  uncertain  strike  and 
dip.  No.  21,  to  the  northeast,  on  the  east  border  of  Croton 
Lake,  may  be  the  margin  of  a  long  belt  following  the  course 
of  that  part  of  the  lake,  though  such  an  inference  is  not  sug- 
gested by  the  observed  strike.  No.  22  is  another  small  area  of 
contorted  limestone  near  Bedford  station  on  the  Harlem  rail- 
road. 

Area  28. — No.  23  lies  to  the  east  of  the  Pleasantville  belt  on 
the  borders  of  New  York  and  Connecticut,  and  follows  the 
course  of  Byram  River  to  its  source  in  Byram  Lake.  It  was 
first  laid  down  on  PercivaVs  geological  map  of  Connecticat 


Limestone  Belts  of  Westchester  County,  K.  T.  867 

ftnd  the  limits  assigned  to  it  by  him  are  here  retained.  1 
found  the  limestone  outcropping  along  the  eastern  half  of  the 
broad  valley.  The  mean  strike  to  the  south  is  N.  10°  E. ;  and 
die  same  east  of  Armonk.  The  limestone  exists  in  the  lake 
ftnd  was  quarried  near  the  northeast  when  the  water  was  quite 
low ;  but  1  found  there  no  place  for  observing  the  strike  except- 
ing in  the  schists  about  the  lake,  where  the  rocks  are  greatly 
contorted  (see  the  T-symbols  on  the  map),  as  if  situated  about 
the  end  of  a  fold. 

Areas  24  and  25. — These  areas,  to  the  northeast  of  Byram 
Lake  (first  mapped  by  PercivalV  are  both  bow-shaped,  but  in 
opposite  directions.  No.  24  follows  a  valley  along  the  head- 
waters of  Mianus  Biver,  and  No.  25,  that  of  Stone  Hill  Biver. 
The  limestone  outcrops  to  the  east  of  the  village  of  Bedford 
show  that  the  bend  corresponds  with  a  change  in  the  strike  of 
the  beds.  In  the  Stone  Hill  Biver  belt  the  strike  of  the  bed- 
ding, in  its  southwestern  part,  is  N.  55°  K,  but  in  its  eastern, 
N.  28°  E.,*  showing  that  the  bow-shaped  form  of  the  valley  and 
outcrop  was  determined  by  the  direction  of  the  bedding. 

c.  Northern  Section  of  the  County. 

Some  of  the  areas  in  the  northern  part  of  the  Middle  section 
of  the  county  have  been  shown  to  tend  toward  east-and-west 
in  trend  and  in  the  strike  of  the  beds.  In  the  Northern  sec- 
tion the  larger  part  of  the  areas  have  approximately  this  abnor- 
mal course,  the  normal  northeast  trend  existing  only  in  a  large 
eastern  and  in  some  of  the  northwestern  areas. 

Area  26. — This  is  the  large  eastern  area  of  northeast,  or 
rather  north-northeast,  trend,  just  alluded  to.  It  extends  into 
CSonnecticut  and  was  hence  studied  by  Percival ;  and  our  de- 
lineation of  it  is  taken  from  his  map.  It  has  a  range  of  mica 
schist  and  gneiss  situated  more  or  less  regularly  along  its  cen- 
ter, which  IS  partly  homblendic,  and  in  view  of  this  fact,  it  is 
probable  that  the  area  is  that  of  a  denuded  fold. 

Areas  27  and  28,  and  the  small  areas  in  the  Verplanck  Penin- 
sula.— These  areas  have  been  described  on  pages  205,  215.  I 
add  here  that  while  the  rocks  on  the  north  side  of  the  Cruger's 
limestone  (number  27)  are  mica  schist,  and  micaceous  gneiss 
with  soda-granite,  quartz-dioryte  and  various  chrysolitic  kinds, 
those  on  the  south  side  are  the  ordinary  gneisses  of  West- 
chester County,  containing  chiefly  orthoclase  with  some  triclinic 
feldspar,  and  vary  in  color  from  flesh-colored  and  grayish-white 
where  the  feldspar  predominates,  to  black  or  grayish-black  where 
mica  (biotite)  is  abundant  Of  the  small  limestone  areas  of  the 
Verplanck  Peninsula,  No.  2  (see  map  on  page  195)  has  black 
dioryte  on  its  northeast  side,  but  on  the  opposite,  and  plainly 
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conformable  with  it,  common  gneissoid  mica  schist,  and  in  the 
schist  there  are  thin  beds  of  limestone. 

The  Verplanck  belt,  No.  28,  has  the  normal  northeast  trend, 
the  strike  averaging  N.  85°  E.  (dip  60^-70°  E.).  But  toward 
the  Point  there  is  much  variation  from  this,  the  strike  a  third 
of  a  mile  from  the  Point  changing  from  N.  44°  E.  to  N.  88° 
W.,  and  near  the  river,  south  of  the  more  northern  brickyard, 
from  N.  50°  E.  to  N.  74°  E.,  the  dip  40°-70°  E. 

Areas  29,  80  and  80  A, — Number  29,  another  of  the  north- 
ern belts  having  a  northeast  course,  extends  up  Sprout  Brook 
Valley  or  Canopus  Hollow,  into  the  Archaean  area  of  Putnam 
County.  Its  length  is  nearly  five  miles.  It  adjoins  quartzyte 
conformably  at  the  mouth  of  the  brook  (p.  214)  with  the  strike 
N.  47°-^4°  E.,  and  dip  60°-70°  E. ;  near  the  crossing  from 
Peekskill  to  Annsville,  a  hydromica  slate  lies  between  it  and 
the  quartzyte  ;  and  just  below  Annsville,  near  the  river,  it  lies 
against  Archiean  hornblendic  gneiss.  The  most  northern  outcrop 
I  have  found  is  situated  to  the  west  of  the  south  end  of  Osca- 
wana  Lake.  The  limestone  has  been  ah'eady  described  as  for 
the  most  part  but  slightly  crystalline,  especially  in  its  more 
southern  portion.  Two-thirds  of  a  mile  north  oi  the  Putnam 
County  line,  under  a  bridge  over  the  stream,  quartzyte  in  beds 
lies  against  the  limestone ;  and  above  this  at  some  of  the  out- 
crops the  limestone  is  interstratified  with  mica  schist 

The  Canopus  Hollow  belt  appears  to  be  continued  south- 
westward,  across  Hudson  River,  in  the  limestone  of  Tompkins 
Cove  at  the  foot  of  the  Archajan  Highlands.  This  limestone 
forms  a  prominent  bluff  facing  the  water  and  has  long  been 
worked  for  lime.  It  is  in  its  eastern  part  a  whitish,  compact, 
fine-grained,  crystalline  limestone,  but  to  the  westward  a 
gray,  uncrystalline  rock.*  The  area  extends  south-southeast 
nearly  to  Stony  Point  village,  about  two  ipiles,  and  dis- 
appears because  beyond  this  it  is  overlaid  by  the  Triassic 
Red  sandstone.  The  average  strike  is  N.  20°  E.,  and  the  dip 
85°  to  60°  E.  Just  southwest  of  Stony  Point  it  is  covered  by 
a  grayish  to  reddish  limestone  conglomerate  made  up  of  peb^ 
bles  and  rounded  stones  which  are  worn  fragments  of  the  lime- 
stone bed ;  and  this  conglomerate  is  referred  by  Professor  G. 
H,  Cook  to  the  Triassic. 

Although  the  average  strike  of  the  beds  of  the  limestone  is 
as  above  stated,  there  are  great  variations  at  the  Cove,  they 
becoming  even  east-and-west  in  some  parts.  At  the  Cove  the 
limestone  has  on  its  western  side,  a  blackish,  fragile,  partly 
graphitic  slate  or  hydromica  schist  (called  talcose  slate  by 
Mather),  resembling  that  of  Canopus  Hollow  north  of  Peekskill, 
which,  half  a  mile  south,  changes  to  a  quartzose  rock,  partly 
feldspathic,  resembling  the  granitoid  quartzyte  of  Peekskill. 
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On  its  eastern  side,  toward  the  base  of  Stony  Point,  it  is 
llowed  conformably  by  mica  schist  and  micaceous  gneiss, 
ood  contacts  being  visible),  having  the  strike  (like  the  beds 

limestone  adjoining)  N.  14°-20°  E.,  and  dip  60°  E.  This 
in-schistose  micaceous  rock  is  followed  eastward  on  the 
»a8t  by  a  massive  granitoid  rock  which  is  intermediate  litho- 
gicallj  between  soda-granite  and  ordinary  granite,  the  feld- 
►ar  being  half  orthoclase.  Then  succeed  the  noryte  and  chrys- 
itic  rocKS  of  the  areas  marked  z'  and  z  on  the  map  on  page 
^,  then  the  soda-granite  of  y,  and  lastly,  near  the  extremity 

the  Point,  the  mica  schist  or  micaceous  gueiss  of  x.  The 
iocession  along  the  north  side  of  the  Point  from  west  to  east 
us  is :  (1)  schist,  (2)  serai -soda-granite,  (8)  chrysolitic  rocks,  (4) 
da-granite,  (5)  schist.  Going  between  these  points  by  the 
uih  a  wholly  aiiferent  state  of  things  is  found ;  schist  continues 
I  the  way  ;  and  the  strike  varies  from  N.  20°  E,  where  it  ad- 
ms  the  limestone^  through  northwest  and  west-and-east,  to  N.  62° 
^0°  -E,  which  is  the  strike  on  the  south  side  of  the  Point, 
utb  of  the  eastern  soda-granite,  as  already  stated  (page  218). 
bis  change  of  strike  in  the  schist  indicates  a  broad  flexure, 
ith  the  sides  diverging  to  the  northeastward.  Inside  of  this 
ixure  there  are  first  the  soda-granite,  and  then  at  or  near  the 
iddle  the  chrysolitic  rocks.  But,  as  1  have  found,  the  soda- 
unite  is  interrupted  south  of  the  chrysolitic  area,  schist  hav- 
g  its  place,  as  if  by  a  change  of  soda-granite  to  schist  The 
hist  is  mostly  even  in  its  bedding  except  about  the  bend, 
bere  it  is  much  contorted.    As  near  Cruger's,  transitions  exist 

the  schist  into  the  soda-granite  with  the  rock  very  garnet- 
5rous  at  the  junction — a  good  example  of  which  may  be  seen 
»rtheast  of  the  house  on  the  south  side  of  the  point 
Notwithstanding  doubts  on  some  points,  there  is  no  ques- 
m  that  the  schist  has  the  flexure  pointed  out,  and  is  one  con- 
luous  stratum ;  and  that  the  limestone  is  an  adjoining  stra- 
m,  and  must  have  participated  in  the  flexure.  Further,  since 
e  dip  of  the  schist  on  both  the  south  and  west  sides  is  toward 
e  axis  of  the  flexure,  the  limestone  stratum  is  probably  an  under- 
Irig  one,  which  would  make  the  schist  and  soda-granite  supe- 
)r  to  it  in  stratigraphical  position.  Now  stjice  Vie  Oruger's 
nestone  adjoins  a  schist  that  is  similar  to  that  of  Stony  Point  in 
ndj  and  position,  and  in  all  of  its  relations  to  Vie  soda-granite,  the 
'tiger's  limestone  must  he  of  the  same  stratum  with  the  Tompkins^ 
we  limestone;  and,  if  so,  it  is  one,  alsOy  with  Uie  limestone  of 
luopus  Hollow. 

The  area  Number  80  is  like  29  in  extending  along  a  promi- 
jnt  valley — Peekskill  Hollow — northeast  ward /ar  into  t/ie  Ar- 
(ean.  The  most  northern  locality  of  limestone  which  I  have 
und  is  a  mile  and  a  half  above  Tompkins'  Corners  (west  of 
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the  mouth  of  Roaring  BrookJ  about  seven  miles  northeast  of 
Oregon — a  village  on  the  boraers  of  the  two  countiea  It  is  a 
fine-grained  white  to  blue  limestone  and  occurs  with  a  well 
characterized  quartzyte  in  conformable  beds,  unconformable  to 
the  Archaean.  It  shows  itself  also  about  Adams  Comers,  two 
to  three  miles  above  Oregon,  and  near  Oregon,  at  the  spot 
marked  by  the  T-symbols.  Below  this,  there  are  no  oat- 
crops  of  rock,  and  its  limits  southwestward  are  consequentlj 
undetermined.  This  valley — Peekskill  Hollow — is  so  narrov 
for  much  of  the  way  above  Adams  Corners  that  it  is  probable 
that  the  limestone  is  not  continuous,  but  that  the  present  spots 
are  what  is  left  after  long  denudation.  There  can  be  do 
reasonable  doubt  that  the  large,  open  valley  was  once  the  coarse 
of  a  broad  band  of  the  limestone  for  the  whole  of  the  seven 
miles  in  Putnam  County. 

The  facts  observed  with  respect  to  area  80  A  and  the  asso- 
ciated mica  schist  and  quartzyte  are  mentioned  on  paee  214 
Mather  speaks  of  an  outcrop  of  limestone,  with  "  hornolende 
rock  adjoining  it  on  the  east,"  at  the  Lower  Dock  of  Peekskill. 
This  spot  is  now  graded  over  and  the  observation  cannot  be 
confirmed :  but  it  lies  in  the  line  of  this  area  where  it  woald 
reach  the  river.  If  it  is  correct,  the  rock  which  adjoins  the 
limestone  in  this  part  is  noryte,  and  no  mica  schist  intervenes 
between  this  rock  and  the  limestone,  as  it  does  150  yards  north. 

To  the  eastward,  in  Peekskill  village,  there  is  limestone  in 
the  mica  schist  on  the  Crom  Pond  road,  according  to  Mather; 
and  north  of  the  Academy  grounds  there  appears  to  be  an  out- 
crop in  the  road  ;  and  this  lies  on  the  south  margin  of  the  valley 
in  which  this  area  occurs.  The  limit  of  the  area  eastward  is  not 
determinable ;  it  may  possibly  connect  with  that  of  Peekskill 
Hollow,  though  this  seems  to  be  hardly  probable. 

Areas  81,  32,  88,  84  and  85. — Number  81,  in  the  southern 
part  of  Somers,  east  of  Hallock's  Mills,  trends  nearly  east  and 
west ;  it  is  made  up  of  two  parts,  a  western  and  eastern,  the 
strike  in  the  former  N.  58°  R,  and  that  in  the  latter  east-and- 
west. 

Number  32,  in  North  Somers,  east  of  Somers  Center,  is 
another  nearly  east-and-west  area,  the  strike  averaging  N.  7r 
E.  Numbers  88.  84  are  small  areas,  too  limited  in  extent  of 
outcrop  to  determine  their  characters,  beyond  that  of  an  approx- 
imately east-and-west  trend.  No.  36,  or  that  of  Lake  Wacca- 
buc,  has,  according  to  Percival,  the  extent  given  it  on  the  map. 
I  have  seen  outcrops  only  between  the  lake  and  the  pond  west 
of  it 

Areas  86.  87  and  3a— The  large  North  Salem  belt,  Na  S8, 
first  laid  down  by  Percival.  is  six  miles  long,  and  has  an  east- 
and-west  cours!0.      It   has  in   some  parts  a  band  of  gneiss 
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along  the  middle,  indicating  that  it  is  a  denuded  fold.  Num- 
ber 37  follows  the  course  of  Beaver  Pond,  and  has  a  precipi- 
tous face  of  rocks  on  the  north.  Number  38  is  like  the  preced- 
ing in  course,  and  in  its  being  an  extension  of  a  Connecticut 
area — that  of  Mill-Plain  valley,  which  reaches  to  Danbury. 
Its  most  western  outcrops  are  in  the  road  between  Brewster 
and  Danbury,  less  than  a  mile  and  a  half  from  the  former  place. 
These  two  east-and-west  belts  on  PercivaVs  map  I  at  first  viewed 
with  distrust,  since  the  fact  expressed  on  the  map  was  not  for- 
tified by  any  statements  as  to  the  strikes  which  he  had 
obtained.  But  I  found  on  examining  the  regions  that  the 
adjoining  schist  (gneiss  and  mica  schist),  as  well  as  limestone 
sastainea  his  map.  The  maker  of  Mather's  map  had  the  same 
wrong  preconceptions,  and  put  it  into  his  delineation  of  the 
areas.  The  T-symbols  on  the  accompanying  chart  make  mani- 
fest the  fact  as  to  this  position  of  the  rocks. 

3.  GsNEBAL  Conclusions. 

Taking  into  consideration  the  facts  that  have  been  presented 
from  Westchester  County,  those  brougtt  out  with  regard  to 
the  Green  Mountain  region  of  Vermont,  Massachusetts,  Con- 
necticut, and  Dutchess  County  in  Eastern  New  York,  and  the 
observations  on  record  from  the  region  of  the  Highlands  in 
New  York  and  New  Jersey,  we  have,  I  believe,  sufficient 
grounds  for  the  following  statements. 

The  limestones  and  adjoining  schists  of  Westchester  County — 

(1)  are  one  in  series  and  system  of  disturbance. 

(2)  are  probably  part  of  the  Green  Mountain  system, 

(3)  are  younger  than  the  Highland  Archaean, 

(4)  are  probably  of  the  age  of  the  Lower  Silurian — the  Primor- 
dial or  Cambrian  being  included  under  this  designation. 

(5)  There  are  reasons  for  concluding  also  that  they  were 
made  before  the  channel  of  the  Hudson  was  cut  through  the 
Highlands;  and  the  question  will  come  up,  finally.  What 
bearing  this  may  have  had,  if  any,  on  the  origin  of  the  rocks 
of  the  **  Cortland  series." 

1.   The  Limestone  and  adjoining  Schists  one  in  series. 

From  the  facts  presented  on  the  map  and  in  the  preceding 
pages,  and  better  from  the  special  details  as  to  the  position  of 
the  beds  and  kinds  of  rocks  given  beyond  in  the  Appendix, 
the  important  conclusion  is  derived  that,  throughout  the 
ooonty,  the  limestone  of  the  several  areas  is  conformable  in  its 
bedding  to  the  schists  which  in  each  case  adjoin  it.  There 
are  contortions  in  the  limestone,  and  in  many  places  also  in  the 
schists;  but  this  is  so  because  such  ajilifting  necessarily 
involved  a  warping  of  the  beds,  and  was  often  attended  also  by 
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torsion.  The  limestone  areas  are  commonly  the  positions  of 
upward  or  downward  folds  or  flexures,  with  usually  the  axis  in 
each  case  inclined  in  the  direction  of  the  fold  and  the  axial 
plane  also  Inclined  to  one  side  or  the  other;  and  in  the  making 
of  them,  contortions  should  have  been  often  produced.  The 
small  serpentine  area  at  Bye,  No.  6,  is  a  striking  illustration; 
and  the  north  end  of  area  28  is  another.  The  varying  strikes 
between  areas  24  and  26  show  the  effects  of  torsion  and  the 
interference  of  the  near  extremities  of  two  curving  folda 

2.  RdaZion  to  the  Green  Mountain  SyBtem. 

With  reference  to  the  relation  of  the  rocks  of  the  county  to 
the  Green  Mountain  system  there  are  the  following  facts : 

(1.)  Westchester  County  is  topographically  a  southern  part 
of  the  Green  Mountain  elevation.  The  axis  passes  along  the 
interlocking  borders  of  Connecticut  and  New  York,  and 
extends  on  through  New  York  Island. 

(2.)  The  grade  of  metamorphiam  follows  the  same  rule  as  to 
the  north — that  is,  it  is  of  greatest  intensity  to  the  eastward 
and  to  the  southward.  It  is  in  accordance  with  this  that  the 
least  degrees  of  metamorphism  are  found  in  the  limestone  and 
associated  schists  of  the  vicinity  of  Peekskill,  in  the  northwest 
comer,  while  along  the  central  and  eastern  portions  of  the 
county,  and  in  the  western,  also,  south  of  Croton,  the  crystalli- 
zation is  commonly  very  coarse.  The  limestone  of  the  Ver- 
planck,  Cruger's  and  Croton  areas  (Nos.  28,  27, 18),  are  of  inter- 
mediate texture. 

(3.)  The  limestones  have  the  same  kinds  of  associated  rocks, 
that  is,  of  mica  schists  and  gneisses,  as  in  the  eastern  and  more 
metamorphic  portion  of  the  region  in  Connecticut — a  &ct 
deserving  mention  though  not  of  great  weight 

(4.)  The  limestones  have  a  like  paucity  in  disseminated  min- 
erals and  similar  occurring  species  with  those  of  Connecticut; 
mica  (muscovite)  and  tremolite  being  the  common  kinds,  white 
pyroxene  of  occasional  appearance,  and  graphite  sometimes 
present. 

(5.)  The  ordinary  normal  trend  of  the  rocks,  N.  20*^  E.  to  N. 
80°  E.,  is  very  nearly  the  average  trend  of  the  beds  of  limestone 
and  associated  rocks  in  the  Green  Mountain  system. 

Through  the  Southern  and  Middle  sections  of  Westchester 
County  this  trend  or  strike  is  almost  uniform,  except  where 
great  contortions  occur ;  and  on  the  east,  this  strike  is  continued 
northward  into  Connecticut  In  the  Northern  section,  on  the 
contrary,  the  exceptions,  excluding  its  eastern  and  northwestern 
portions,  are  almost  universal;  and  the  question  is  a  serioos 
one  whether  another  system  is  not  here  represented.  But,  in 
opposition  to  this  inference,  we  observe  that  the  limestones  and 


Limestone  Belts  of  Westcheskr  County^  N.  Y.  373 

associated  rocks  are  the  same  in  character  in  both  parts ;  more- 
over, there  are  in  some  portions  of  the  Middle  section  large 
bends,  and  in  the  region  of  limestone  areas  19,  24  and  25,  a 
bend  from  nearly  east-and-west  to  nearly  north  and  south. 
Area  25  cannot  be  separated  by  its  associated  rocks  from  the 
adjoining  area  26,  which  is  normal  in  trend  or  in  the  strike  of 
its  rocka  Again,  while  area  29,  to  the  northwest,  is  normal  in 
its  coarse,  area  30  A,  which  is  essentially  conformable  as  the 
intervening  i*ocks  show,  is  nearly  east  and  west.  Through 
these  areas  or  belts  of  intermediate  curves  the  system  of  the 
Middle  and  Southern  sections  of  the  county  graduates  into 
that  of  the  Northern.  My  study  of  the  position  of  the  beds  has 
not  resulted  in  the  discovery  of  any  want  of  conformity  between 
the  rocks  of  different  areas  except  such  as  can  be  traced  to 
contortion.  The  east-and-west  and  northeast  trends  appear 
therefore  to  have  been  results  of  one  and  the  same  system  of 
disturbance. 

This  argument  with  reference  to  the  relation  of  the  rocks  to 
those  of  the  Green  Mountain  system  cannot  be  regarded  as 
wholly  satisfactory  without  a  fuller  presentation  of  the  facts 
from  the  adjoining  portions  of  Connecticut,  and  this  will  be 
given  in  another  number  of  this  Journal. 

3.    The  limestone  and  associcUed  rocks  are  younger  than  the 

Archoean  of  the  JBtghlands, 

The  proof  with  regard  to  this  relation  to  the  Archaean  rocks 
of  the  Highland  area  must  be  looked  for  along  those  limestone 
belts  that  most  closely  adjoin  it  The  lithological  evidence  as 
to  diversity  of  age  is  weak ;  for  while  the  gneisses  of  West- 
chester Go.  are  usually  much  more  schistose  and  micaceous  than 
the  Archaean,  and  while,  also,  the  Archaean  gneisses  are  generally 
hornblendic,  there  are  gradations  between  the  two  in  both  re- 
spects which  make  the  application  of  a  lithological  test  very 
perplexing.  The  condition  and  position  of  the  limestone  areas 
which  border  the  Archaean  in  the  vicinity  of  Peekskill  aflFord 
us  a  safe  conclusion,  and  this  is  strengthened  by  other  facts 
from  the  western  portion  of  this  area  on  the  west  side  of  Hud- 
son Biver. 

The  region  aflFords  three  classes  of  decisive  facts. 

(L)  The  rock  adjoining  the  Archaean  in  the  southern  part  of 
Canopus  Hollow  near  Annsville  is  a  bluish  slightly  crystalline 
limestone,  so  slightly  that  it  might  for  all  this  contain  fossils. 
This  nearly  uncrvstalline  condition  characterizes  the  limestone 
for  a  mile  up  the  valley  though  not  in  so  extreme  a  degree ; 
and  beyond  this  it  has  nowhere  the  coarseness  of  the  lime- 
stones to  the  south. 

(2.)  The  limestone  area  is  bordered  on  its  west  side,  opposite 
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Annsville,  by  a  fine-grained  hydromica  schist  which  looks  as 
much  like  argillyte  as  the  Dutchess  County  slates  at  Pougb- 
keepsie  that  contain  Hudson  Kiver  fossils  ;  and  this  argillyte- 
like  rock  occurs  at  other  points  up  Canopus  Hollow,  forming 
hills  on  its  eastern  side,  and  outcropping  occasionally  on  the 
west  side.  Its  feeble  degree  of  crystallization  corresponds 
with  that  of  the  limestone.  Both  rocks  in  this  respect  are  like 
the  rocks  of  Dutchess  County,  and  unlike  anything  found  in  the 
Highland  Archaean. 

(8.)  The  limestone  at  the  locality  near  Annsville  lies  uncoa- 
formably  against  homblendic  Archeean  gneiss,  its  beds  much 
contorted  ;  and  another  similar  case  of  unconformability  exists 
on  the  east  border,  lialf  a  mile  northeast.  In  general,  both  in 
this  valley  and  Peekskill  Hollow,  actual  contacts  are  not  in 
sight  owing  to  the  earth  or  alluvium  of  the  valley  ;  and  the 
upturning  of  the  limestone  and  its  associated  schist  has  usuaUy 
placed  them  in  near  conformity  to  the  strike  of  the  Archaean 
rocks.  Still,  the  unconformability  is  in  some  places  distinct 
Moreover  the  mica  schist  involved  with  the  limestone  in  the 
more  northeastern  outcrops  is  very  unlike  the  hard  homblen- 
dic gneiss  of  the  adjoining  Archaean. 

The  limestone  of  Peekskill  Hollow  is  very  finely  crystalline, 
even  at  "its  most  northeastern  outcrop,  and  at  Oregon  it  is  asso- 
ciated with  the  same  argillyte-like  hydromica  slate  that  occurs 
along  Canopus  Hollow. 

West  of  the  Hudson  River  at  Tompkins  Cove,  where  a  high 
bluflF  of  the  limestone  stands  on  the  river  directly  facing  Ver- 
planck  Point,  much  of  it  is  even  less  crystalline  than  near 
Annsville,  and  the  more  western  portion  of  it  differs  little  from 
the  ordinary  blue  limestone  of  uncrystalline  regions.  I  had 
slices  made  for  microscopic  study,  but  detected  nothing  organic. 
The  slate  which  lies  between  it  and  the  Archaean  gneiss  of  the 
adjoining  Highlands — talcose  slate  of  Mather — is  only  a  glossy 
argillvte  in  aspect  though  representing  (as  Mather  observes) 
the  hydromica  schist  of  Canopus  Hollow  east  of  the  Hudson. 
No  direct  junction  of  the  Archaean  is  here  visible.  A  semi- 
crystalline  condition  also  characterizes,  for  the  most  part,  the 
limestone  of  the  Verplanck  belt,"  and  that  of  Cruger's  area. 
We  find  thus  that  the  nearer  to  the  Highland  Archaean  the 
less  is  the  degree  of  crystallization,  which  would  not  be  the 
ciise  if  the  rocks  were  of  the  age  of  the  Highland  Archaean. 

Inasmuch  then  as  the  Westchester  rocks  are  newer  than  the 
Highland  Archi^an,  the  limestone  belts  of  Canopus  Hollow 
and   Peekskill   Hollow  occupy  Archaean  valleys — valleys  that 

^  The  limestone  of  the  small  areas  of  the  Verplanck  peninsula,  situated  in  the 
horubleodic  and  augite  rock;?,  is  otlen  irraphitic  and  more  ooareelj  crystaUine  than 
that  of  the  Point. 
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antedate  the  era  of  the  limestone;  and  these  broad  and 
stronglj  marked  valleys  were  arms  of  the  sea  in  that  era, 
stretcnmg  a  third  to  a  half  of  the  way  across  the  Putnam 
County  Highland  region.  In  these  extensive  bays  the  lime- 
stone and  the  associated  stratified  deposits,  now  slate  or  schist 
and  quartzyte,  were  formed.  Since,  also,  the  limestone  now  in 
these  valleys  is  what  is  left  after  long  ages  of  denudation,  it  has 
but  a  small  part  of  the  breadth  and  thickness  which  belonged 
originally  to  the  formation. 

From  the  fact  of  the  preoxistence  of  the  ArchsBan  High- 
lands, we  appear  to  have  also  a  reason  for  the  contortions  of 
the  rocks  in  the  northern  half  of  Westchester  County,  and  for 
the  nearly  east-and-west  courses  in  the  bedding.  For  in  the 
upturning  or  flexing  of  the  strata,  which  took  place,  and 
wiiich  put  the  beds  in  nearly  vertical  positions  over  the  whole 
county,  the  Archsdan  stood  as  a  stable  barrier  on  the  north  ; 
against  it  the  rocks  were  forced  by  the  lateral  pressure 
that  produced  the  great  results.  The  mass  of  the  Archaaan 
has  here  an  easterly  trend,  much  more  easterly  than  that  of  the 
New  Jersey  Archaean,  although  the  strike  of  the  Archaean 
beds  is  generally  northeast"  The  direction  of  the  pressure  and 
the  resistance  to  movement  in  such  a  barrier,  are  the  chief  of 
the  conditions  that  would  have  determined  the  direction  of  the 
folds,  fractures  and  faults  in  the  disturbed  strata. 

[To  be  continued.] 
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Art.  XL. — Paleoniohgical  and  Embryological  Development  Ad- 
dress by  Alexander  Agassiz,  Vice-president  of  Section  B, 
at  the  recent  Boston  Meeting  of  the  American  Association 
for  the  Advancement  of  Science. 

[Continued  from  page  302.] 

Taking  up  now  the  embryological  development  of  the 
several  families  which  will  form  the  basis  of  our  comparisons, 
beginning  with  the  Cidaridae,  we  find  that  in  the  earliest  stages 
they  very  soon  assume  the  characters  of  the  adult,  the  changes 
being  limited  to  the  development  of  the  abactinal  system,  the 
increase  in  number  of  the  coronal  plates,  and  the  modifications 
of  the  proportionally  gigantic  primary  radioles. 

In  the  Diadematidae  the  changes  undergone  by  the  young 
are  limited  to  the  gradual  transformation  of  the  embryonic 
spines  into  those  which  characterize  the  family,  to  the  changes 

^  In  New  Jersey,  also,  the  trend  of  the  mass  of  the  Archa^n  has  more  easting 
•ooording  to  Prof.  G.  H.  Cook,  as  brought  out  in  his  New  Jersey  Geological  Re- 
peat (1868),  than  the  strike  of  its  beds,  the  former  being  about  northeast  and  the 
ktler  north-northeast. 
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of  tlie  vertical  row  of  pores  in  the  ambulacral  area  into  the  arcs 
of  three  or  four  pairs  of  pores,  and  to  the  specialization  of  the 
actinal  and  abactinal  systems. 

In  the  ArbaciadsB  the  young  stages  are  remarkable  for  the 
prominent  sculpture  of  the  test,  for  the  flattened  spines,  for 
their  simple  poriferous  zone,  for  their  actinal  system,  and  for 
their  genital  ring.  The  anal  plates  appear  before  the  genital 
ring. 

In  the  Echinometrada3  the  young  thus  far  observed  are 
characterized  by  the  small  number  of  their  primary  tubercles, 
the  large  size  of  the  spines,  the  simple  vertical  row  of  pores, 
the  closing  of  the  anal  ring  by  a  single  plate,  and  the  turban- 
shaped  outline  of  the  test.  Little  by  little,  the  test  loses  with 
increasing  age  this  Cidaris-like  character;  it  reminds  us,  from 
the  increase  in  the  number  of  its  plates,  more  of  Hemicidaris; 
then,  with  their  still  greater  increase,  of  the  Pseudodiadema- 
tidas ;  and,  finally,  of  the  Echinometradas  proper.  The  spines, 
following  pari  passuj  the  changes  of  the  test,  lose  little  by  little 
their  fant<istic  embryonic,  or  rather  Cidaris-like  appearance, 
and  become  more  solid  and  shorter,  till  they  finally  assume  the 
delicately  fluted  structure  characteristic  of  the  EchinometradaB. 
The  vertical  poriferous  zone  is  first  changed  into  a  series  of 
connected  vertical  arcs,  which  become  disjointed,  and  form, 
with  increasing  age,  the  independent  arcs  of  pores,  composed 
of  three  or  more  pairs  of  pores,  of  the  Echinometrada?. 

In  the  Echinidaj  proper  we  find  in  the  young  stages  the 
same  unbroken  vertical  line  of  pores,  which  gradually  becomes 
changed  to  the  characteristic  generic  types.  We  find,  as  in 
the  Echinometrada3,  an  anal  system  closed  with  a  single  plate, 
and  an  abactinal  system  separating  in  somewhat  more  advanced 
stages  from  the  coronal  plates  of  the  test.  This  is  as  yet  made 
up  of  a  comparatively  small  number  of  plates,  carrying  but 
few  large  primary  tubercles,  with  fantastically  shaped  spines 
entirely  out  of  proportion  to  the  test,  but  which,  little  by  little, 
with  the  increase  of  the  number  of  coronal  plates,  the  addition 
of  primary  tubercles,  and  their  proportional  decrease  in  size, 
assume  more  and  more  tlie  structure  of  the  genus  to  which  the 
young  belongs.  The  original  anal  plate  is  gradually  lost  sight 
of  from  the  increase  in  number  of  the  plates  covering  the  anal 
system,  and  it  is  only  among  the  Temnopleuridoe  that  this  anal 
plate  remains  more  or  less  prominent  in  the  adult  In  the 
Salenida^,  of  which  we  know  as  yet  nothing  of  the  development, 
this  embryonic  plate  remains  permanently  a  prominent  struc- 
tural feature  of  the  apical  system.* 

*  The  youDg  of  the  following  genera  have  served  as  a  basis  for  the  preoeding 
analysis  of  the  embryonic  stages  of  the  Desmosticha :  Cidaris,  Doroddarii, 
Goniocidaris,  Arbacia,  Podocidaris,  Strongylocentrotus,  Echinometra,  EduDOfl, 
Toxopneustes,  Hipponoe,  Temnopleurus,  Tenmechinus,  and  Trigonocidaris. 
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Among  the  Clypeastroids  the  changes  of  form  they  undergo 
during  growth  are  most  instructive.  We  have  in  the  young 
Fibularinaa  an  ovoid  test,  a  small  number  of  coronal  plates 
surmounted  by  few  and  large  primary  tubercles,  supporting 
proportionally  equally  large  primary  radicles,  simple  rectilinear 
poriferous  zones,  no  petaloid  ambulacra, — in  fact,  scarcely  one 
of  the  features  we  are  accustomed  to  associate  with  the  Clype- 
astroids is  as  yet  prominently  developed.  But  rapidly,  with 
increasing  size,  the  number  of  primary  tubercles  increases,  the 
spines  lose  their  disproportionate  size,  the  pores  of  the  abactinal 
region  become  crowded  and  elongate,  and  a  rudimentary  petal 
is  formed.  The  test  becomes  more  flattened,  the  coronal  plates 
increase  yi  number,  and  it  would  be  impossible  to  recognize  in 
the  young  Echinocyamus,  for  instance,  the  adult  of  the  Cidaris- 
like  or  Echinometra-like  stages  of  the  Sea-urchin,  had  we  not 
traced  them  step  by  step.  Most  interesting,  also,  is  it  to  follow 
the  migrations  of  the  anal  system,  which,  to  a  certain  extent, 
may  be  said  to  retain  the  embryonic  features  of  the  early  stages 
of  all  Echinoderm  embryos,  in  being  placed  in  more  or  less 
close  proximity  to  the  actinostome.  What  has  taken  place  in 
the  growth  of  the  young  Echinocyamus  is  practically  repeated 
for  all  the  families  of  Clypeastroids ;  a  young  Echinarachnius, 
or  Mellita,  or  Encope,  or  a  Clypeaster  proper,  resembles  at  first 
more  an  Echinometra  than  a  Clypeastroid ;  they  all  have  simple 
poriferous  zones  and  spines  and  tubercles  out  of  all  proportion 
to  the  size  of  the  test* 

When  we  come  to  the  development  of  the  Spatan^oids,  we 
find  their  younger  stages  also  differing  greatly  from  the  adult 
Ampng  the  Nucleolidae,  for  instance,  the  young  stages  have  as 
vet  no  petals,  but  only  simple  rectilinear  poriferous  zones, 
they  are  elliptical  with  a  high  test,  with  a  single  large  primary 
tubercle  for  each  plate,  and  a  simple  elliptical  actinostome, 
without  any  trace  of  the  typical  bourrelets  and  phyllodes  so 
characteristic  of  this  family.  Very  early,  however,  this  condi- 
tion of  things  is  changed,  the  test  soon  becomes  more  flattened, 
the  petals  begin  to  form  as  tliey  do  in  the  Clypeastroids,  and 
we  can  soon  trace  the  rudiments  of  the  peculiar  bourrelets 
characteristic  of  the  family,  accompanied  by  a  rapid  increase  in 
the  number  of  tubercles  and  in  that  of  the  coronal  plates. 

Among  the  Spatangidae  some  are  remarkable  in  their  adult 
condition  for  their  labiate  actinostome,  for  the  great  develop- 
ment of  the  petals,  for  the  presence  of  fascioles  surrounding 
certain  definite  areas,  for  the  small  size  of  the  tubercles,  the 
general  uniformity  in  the  spines  of  the  test,  and  the  specializa- 
tion of  their  anterior  and  posterior  regions.     On  examining  the 

*  Among  the  Clypeastroids  I  have  examined  the  young  of  Echinocyamus,  Fib- 
nlaria,  MeUita,  Laganum,  Echinarachnius,  Kncope,  Clypeaster,  and  Ediinanthus. 
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youDg  stages  of  this  group  of  Spatangoids,  not  one  of  these 
structural  features  is  as  yet  developed.  The  actinostome  is 
simple,  the  poriferous  zone  has  the  same  simple  structure  from 
the  actinostome  to  the  apex,  the  primary  tubercles  are  large, 
few  in  number,  surrounded  by  spines  which  would  more  readily 
pass  as  the  spines  of  CidaridaB  than  of  Spatangoids.  The  fas- 
cicles are  either  very  indistinctly  indicated,  or  else  the  special 
lines  have  not  as  yet  made  their  appearance ;  the  ambulacral 
suckers  of  the  anterior  zones  are  as  large  and  prominent  as 
those  of  the  young  stages  of  any  of  the  regular  Echini.  It  is 
only  little  by  little,  with  advancing  age,  that  we  begin  to  see 
signs  of  the  specialization  of  the  anterior  and  posterior  parts  of 
the  test,  that  we  find  the  characteristic  anal  or  lateral  fascicles 
making  their  appearance,  only  with  increasing  size  that  the 
spines  lose  their  Cidaris-like  appearance,  that  the  petals  begin 
to  be  formed,  and  that  the  simple  actinostome  develops  a  prom- 
inent posterior  lip.  In  the  genus  Hemiaster,  the  young  stages 
are  specially  interesting,  as  long  before  the  appearance  of  the 
petals,  while  the  poriferous  zone  is  still  simple,  the  total  sepa- 
ration of  the  bivium  and  of  the  trivium  of  the  ambulacral  sys- 
tem, so  characteristic  of  the  earliest  Spatangoids  (the  Dysas- 
teridae),  is  very  apparent* 

From  this  rapia  sketch  of  the  changes  of  growth  in  the  prin- 
cipal families  of  the  recent  Echini  we  can  now  indicate  the 
transformation  of  a  more  general  character  through  which  the 
groups  as  a  whole  pass. 

In  the  first  place,  while  still  in  the  Pluteus  all  the  young 
Echini  are  remarkable  for  the  small  number  of  coronal  plates, 
and  for  the  absence  of  any  separation  between  the  actinal  and 
abactinal  systems  and  the  test  proper.  They  all  further  agree 
in  the  large  size  of  the  primary  spines  of  the  test,  whether  it  be 
the  young  of  a  Cidaris,  an  Arbacia,  an  Echinus,  a  Clypeaster, 
or  a  Spatangoid.  They  all  in  their  youngest  stages  have 
simple  vertical  ambulacral  zones ;  beyond  this,  we  find  as 
changes  characteristic  of  some  of  the  Desmosticha^  the  special- 
ization of  the  actinal  system  from  the  coronal  plates,  the  forma- 
tion-of  an  anal  system,  the  rapid  increase  in  the  number  of  the 
coronal  j)lates,  with  a  corresfM)nding  increase  in  the  number  of 
the  spines  and  a  proportional  reduction  of  their  size,  the  form- 
ation of  an  abactinal  ring,  and  the  change  of  the  simple  verti- 
cal poriferous  zone  into  one  composed  of  independent  arcs. 

In  the  Spatangoids  and  Clyi>eastroids  we  find  common  to 
both  groups  the  shifting  of  the  anal  S3'stem  to  its  definite  place, 
the  modifications  of  the  abactinal  part  of  the  simple  ambulacral 

♦  For  this  sketch  of  the  embirolopry  of  the  PetAlosticha  I  have  examined  the 
joung  of  Kohinolaiu^^8>  Kchinoneus,  EcliiaocartUum,  Brlssopaia,  Agaasizia,  ^it- 
tangus,  Brissus,  aud  liemiaster. 


Agastiz-^  Paleoutological  and  Embryohgical  Development    379 

eystom  in  order  to  become  petaloid,  and  the  gradual  change  of 
the  elliptical  ovoid  test  of  the  young  to  the  characteristic^eneric 
test,  accompanied  by  the  rapid  increase  in  the  number  of  the 
primary  tubercles  and  spines.  Finally  limited  to  the  Spatan- 
goids  are  the  changes  they  ujidergo  in  the  transformation  of 
the  simple  actinostome  to  a  labiate  one,  the  specialization  of 
the  anterior  and  posterior  parts  of  the  test,  and  the  definite 
formation  of  the  fascioles. 

Comparing  this  embryonic  development  with  the  paleonto- 
logical  one,  we  find  a  remarkable  similarity  in  both,  and  in  a 
general  way  there  seems  to  be  a  parallelism  in  the  appearance 
of  the  fossil  genera  and  the  successive  stages  of  the  develop- 
ment of  the  Echini  as  we  have  traced  it. 

We  find  that  the  earlier  regular  Echini  all  have  more  or  less 
a  Cidaris-like  look, — that  is,  they  are  Echini  with  few  coronal 
plates,  large  primary  tubercles,  with  radioles  of  a  correspond- 
ing size;  that  it  is  only  somewhat  later  that  the  DiademopsidaQ 
make  their  appearance,  which,  in  their  turn,  correspond  within 
certain  limits  to  the  modifications  we  have  traced  in  the  growth 
of  the  young  Diadematidae  and  Arbaciadae.  The  separation  of 
the  actinal  system  from  the  coronal  plates  has  been  effected. 
The  poriferous  zone  has  either  become  undulating,  or  forms 
somewhat  indefinite  open  arcs ;  we  find  in  all  the  genera  of  this 
groap  a  larger  number  of  coronal  plates,  more  numerous  pri- 
maries, the  granules  of  the  Cidaridae  replaced  by  secondaries 
and  miliaries,  and  traces  of  a  Hemicidaris-like  stage  in  the  size 
of  the  actinal  ambulacral  tubercles. 

Comparing  in  the  same  way  the  paleontological  development 
of  the  EchinidaB  proper,  we  find  that,  on  the  whole,  they  agree 
well  with  the  changes  of  growth  we  can  still  follow  to-day  in 
their  representatives,  and  that,  as  we  approach  nearer  the  pres- 
ent epoch,  the  fossil  genera  more  and  more  assume  the  struct- 
ural features  which  we  find  developed  last  among  the  Echinidad 
of  the  present  day.     Very  much  in  the  same  manner  as  a  young 
Echinus  develops,  they  lose,  little  by  little,  first  their  Cidarid- 
ian  affinities,  which  become  more  and   more  indefinite,   next 
their  Diadematidian  affinities,  if  I  may  so  call  the  young  stages 
■.    to  which  they  are  most  closely  allied,  and,  finally,  with  the 
f-  increase  in  the  number  of  the  coronal   plates,  the  great  nu- 
^  merical  development  of  the  primary  tubercles  and  spines,  and 
^  that  of  the  secondaries  and  miliaries  which  we  can  trace  in  the 
s  fossil  Echini  of   the  Tertiaries,   we  pass  insensibly  into  the 
g  generic  types  characteristic  of  the  present  day. 

Although  we  know  nothing  of  the  embryology  of  the  Salen- 
idae,  yet,  like  the  Cidarida^,  they  have  in  a  great  measure 
^'  remained  a  persistent  type,  the  modifications  of  the  group  being 
r'  all  in  the  same  direction  as  those  noticed  in  the  other  Desmos- 
f' 
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ticlia ;  a  greater  number  of  coronal  plates,  the  development  of 
secondyies  and  miliaries  con>bined  with  a  specialization  of  the 
actinal  system  not  found  in  the  Cidaridae. 

An  examination  of  the  succession  of  the  Echinoconidae  shows 
but  little  modification  from  thg  earliest  types;  the  changes, 
however,  are  similar  to  those  undergone  by  the  Clypeastroids 
and  Petalosticba,  though  they  do  not  extend  to  modificatioDs 
of  the  poriferous  zone,  but  are  mainly  changes  in  the  actinos- 
tome  and  in  the  tuberculation.  In  fact,  the  group  of  Echino- 
conidae  seems  to  hold  somewhat  the  same  relation  to  the  Clyp- 
eastroids which  the  Salenidi©  hold  to  the  CidaridcB,  and  the 
earliest  genus  of  the  group  (Pygaster)  has  remained,  like  Cida- 
ris,  a  persistent  type  to  the  present  day. 

The  earliest  Clypeastroids  are  all  forms  which  resemble  the 
Fibularina  and  the  genera  following  Echinocyamus  and  Fiba- 
laria;  they  are  mainly  characterized  by  the  same  changes 
which  an  Echinarachnius  or  a  Mellita,  for  instance,  undergoes 
as  it  passes  from  its  Echinocyamus  stage  to  the  Laganum  or 
Encope  stage.  The  comparison  is  somewhat  more  complicated 
when  we  come  to  the  Spatangoids.  The  comparison  of  the 
succession  of  genem  in  the  different  families,  as  traced  in  the 
Desmosticha  and  Clypeastroids,  is  made  difficult  from  the  per- 
sistency of  the  types  preceding  the  Echinoneidae  and  the 
Ananchytidro,  which  have  remained  without  important  modifi- 
cations from  the  time  of  the  lower  Cretaceous  ;  previous  to 
that  time  the  modifications  of  the  Cassidulidae  are  found  to 
agree  with  the  changes  which  have  been  observed  in  the 
growth  of  Echinolampas.  The  early  genera,  like  Pygurua, 
have  many  of  the  characteristics  of  the  test  of  the  young  Echi- 
nolampas. The  development  of  prominent  bourrelets  and  of 
the  floscelle  and  petals  goes  on  side  by  side  with  that  of  geDera 
in  which  the  modification  of  the  actinostome,  of  the  test,  and 
of  the  petals  is  far  less  rapid,  one  group  retaining  the  Echino- 
neus  features,  the  other  culmiimting  in  the  Echinolampas  of 
the  present  day,  and  having  likewise  a  persistent  type,  Echino- 
brissus,  which  has  remained  with  its  main  structural  features 
unchanged  from  the  Jura  to  the  present  day.  That  is,  we  find 
genera  of  the  Cassidulida3  which  recall  the  early  Echinoneus 
stage  of  Echinolampas,  next  the  Caratomus  stage,  after  which 
the  floscelle,  bourrelets,  and  petals  of  the  group  become  more 
prominent  features  of  the  succeeding  genera.  Accompanying 
the  persistent  type  Echinobrissus,  genera  appear  in  which  either 
the  bourrelets  or  petals  have  undergone  modifications  more 
extensive  than  those  of  the  same  parts  in  the  genera  of  the 
Echinoneus  or  Caratomus  type. 

The  earliest  Si)atangoids  belong  to  the  Dysasterida?,  appa- 
rently an  aberrant  group,  but  which,  from  the  history  of  the 
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ung  Hemiaster,  we  now  know  to  be  a  strictly  embryonic 
3e,  which,  while  it  thus  has  affinities  with  the  true  Spatan- 
ids,  still  retains  features  of  the  Cassidulidse  in  the  mode  of 
^elopment  of  the  actinostome  and  of  the  petals,  as  well  as  of 
5  anal  system.  The  genera  following  this  group,  Holaster 
d  Toxaster,  can  be  well  compared,  the  one  to  the  young 
jges  of  Spatangus  proper  before  the  appearance  of  the  petals, 
len  the  ambulacra  are  flush  with  the  test,  and  when  its  test 
more  or  less  ovoid,  the  other  to  a  somew.hat  more  advanced 
^e,  when  the  petals  have  made  their  appearance  as  semi- 
tals.  In  both  cases  the  actinostome  has  the  simple  structure 
aracteristic  of  all  the  youn^  Spatangoids.  The  changes  we 
tice  in  the  genera  which  follow  them  lead  in  the  one  case 
rough  very  slight  modifications  of  the  abactinal  system,  of 
B  anterior  and  posterior  extremities  of  the  test,  to  the  Anan- 
ytid-like  Spatangoids  of  the  present  day,  the  Pourtalesise,  the 
nus  Holaster  itself  persisting  till  well  into  the  middle  of  the 
jrtiary  period ;  while  on  the  other  side  we  readily  recognize 
the  Spatanginse  which  follow  Toxaster  (a  persistent  type 
lich  has  continued  as  Palseostoma  to  the  present  day)  the 
nera  which  correspond  to  the  young  stages  of  such  Spatan- 
ids  as  Spatangus  and  Brissopsis  of  the  present  day,  genera 
lich,  on  the  one  hand,  lead  from  Hemiaster  (itself  still  rep- 
sented  in  the  present  epoch),  through  stages  such  as  Cyclas- 
",  Peripqeustes,  Brissus,  and  Schizaster,  and,  on  the  other, 
rough  Micraster  and  the  like,  to  the  Spatangoids,  in  which 
e  development  of  the  anal  plastron  and  fasciole  performs  an 
iportant  part,  while  in  the  former  group  the  development  of 
e  peripetalous  fasciole  and  of  the  lateral  fasciole  can  be  fol- 
wed.  None  of  the  genera  of  Petalosticha  belonging  to  the 
her  groups  develop  any  fasciole  in  the  sense  of  circumscrib- 
g  a  limited  tirea  of  the  test 

The  comparison  of  the  genera  of  Echini  which  have  appeared 
ice  the  Lias  with  the  young  stages  of  growth  of  the  princi- 
J  families  of  Echini,  shows  a  most  striking  coincidence 
Qounting  almost  to  identity  between  the  successive  fossil  gen- 
a  and  the  various  stages  of  growth.  This  identity  can,  bow- 
er, not  be  traced  exactly  in  the  way  in  which  it  has  usually 
>en  understood,  while  there  undoubtedly  exists  in  the  genera 
hich  have  appeared  one  after  the  other  a  gradual  increase  in 
rtain  families  in  the  number  of  forms,  and  a  constant 
>proach  in  each  succeeding  formation,  in  the  structure  of  the 
(nera,  to  those  of  the  present  day.  It  is  only  in  the  accord- 
ice  between  some  special  points  of  structure  of  these  genera 
id  the  young  stages  of  the  Echini  of  the  present  day  that  we 
n  trace  an  agreement  which,  as  we  go  further  back  in  time, 
»omes  more  and  more  limited.     We  are  either  compelled  to 
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seek  for  the  origin  of  many  structural  features  in  types  of 
which  we  have  no  record,  or  else  we  must  attempt  to  find 
them  existing  potentially  in  groups  where  we  bad  as  yet  not 
succeeded  in  tracing  them.  The  parallelism  we  have  traced 
does  not  extend  to  the  structure  as  a  whole.  What  we  find  is 
the  appearance  among  the  fossil  genera  of  certain  stnietanJ 
features  giving  to  the  particular  stages  we  are  comparing  their 
characteristic  aspect  Thus,  in  the  succession  of  the  fossil  gen- 
era, when  a  structural  feature  has  once  made  its  appearance,  it 
may  either  remain  as  a  persistent  structure,  or  it  may  become 
gradually  modified  in  the  succeeding  genera  of  the  same  fiun- 
Hy,  or  it  may  appear  in  another  family,  associated  with  other 
more  marked  structural  features  which  completely  overshadow 
it  Take,  for  instance,  among  the  Desmosticha  the  modifica- 
tions of  the  poriferous  zone  of  the  actinal  and  abactinal  sys- 
tems of  the  coronal  plates,  of  the  ambulacral  and  interambula- 
oral  systems,  the  changes  in  the  relative  proportion  of  the  pri- 
mary tubercles,  and  the  development  of  the  secondanea 
These  are  all  structural  features  which  are  modified  independ- 
ently one  of  the  other ;  we  may  find  simultaneous  develop- 
ment of  these  features  in  parallel  lines,  but  a  very  diflFerent 
degree  of  development  of  any  special  feature  in  separate  fam- 
ilies. 

This  is  as  plainly  shown  in  the  embryological  as  in  the 
paleontological  development.  In  the  Cidaridse  there  is  the 
minimum  of  sj>ecialization  in  these  structural  features.  In  the 
Diademopsidre  there  is  a  greater  range  in  the  diversity  of  the 
structure  of  the  poriferous  zone  and  of  the  coronal  plates,  as 
well  as  of  the  actinal  system.  There  is  a  still  greater  range 
among  the  Echinida?,  while  among  the  Salenidae  the  modifica- 
tions, as  compared  to  thase  of  the  Echinidae  and  Diademop- 
sida»,  are  somewhat  limited  again,  being  restricted  as  far  as 
relates  to  the  poriferous  zone  and  coronal  plates,  but  special- 
ized as  far  as  the  actinal  system  is  concerned,  and  specially 
important  with  reference  to  the  structure  of  the  apical  system. 
The  special  lines  in  which  these  modifications  take  place  pro- 
duce, of  course,  all  possible  combinations,  yet  they  give  us  the 
key  to  the  sudden  appearance,  as  it  were,  of  structural  fea- 
tures of  which  the  relationship  must  be  sought  in  very  dis- 
tantly related  groups.  It  is  to  this  specialty  in  the  paleonto- 
logical develonment  that  we  must  trace,  for  instance,  the  Cida- 
rid  affinities  of  the  Salenia\  their  papillae,  the  existence  of  few 
large  primary  interambulaci-al  tubercles,  the  structure  of  their 
apical  system,  ami  their  large  genital  plates;  while  it  is  to  their 
amnitii^^  with  the  Hemicidaridje  that  we  must  refer  the  pres- 
ence of  the  few  larger  primary  ambulacral  tubercles  at  the  base 
of  the  ambulacra)  are;i,  and  by  their  Diademopsid  and  Echinid- 
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ian  affinities  that  we  explain  the  indented  imbricated  actinal 
system  with  the  presence  of  a  few  genuine  miliaries.  But  all 
the  structural  features  which  characterize  the  earliest  types  of 
the  Desmosticha  can  in  reality  be  traced,  only  in  a  somewhat 
rudimentary  form,  even  in  the  Cidaridad.  The  slight  undula- 
tion of  the  closely  packed,  nearly  vertical  poriferous  zone  is 
the  forerunner  of  the  poriferous  zone  first  separated  into  verti- 
cal arcs  and  then  into  mdependent  arcs.  The  limitation  in  the 
number  of  the  rows  of  granules  in  the  ambulacral  zone,  and 
their  increase  in  size,  is  the  first  trace  of  the  appearance  of  the 
somewhat  larger  primary  ambulacral  tubercles  of  the  Hemici- 
daridsd  and  SaleniaQ.  The  existence  of  the  smooth  cylindrical 
spines  of  the  abactinal  region  of  the  test  naturally  leads  to 
similar  spines  covering  the  whole  test  in  the  other  families  of 
the  Desmosticha.  The  difierence  existing  in  the  plates  cover- 
ing the  actinal  system  from  those  of  the  coronal  plates  leads  to 
the  great  distinction  between  the  structure  of  the  actinal  sys- 
tem and  of  the  coronal  plates  in  some  of  the  Echinidse. 

Passing  to  the  Clypeastridss  and  Petalosticha,  we  trace  a 
parallelism  of  the  same  kind,  and  readily  follow  in  the  succes- 
sive genera  of  fossil  Clypeastroids,  but  often  in  widely  sepa- 
rated genera,  the  precise  modifications  which  the  poriferous 
zone  has  undergone  as  it  first  becomes  known  to  us  in  Echino- 
cyamus  and  Fibularia,  and  as  we  find  it  in  the  most  complica- 
ted petaloid  stage  of  the  Clypeastroids  of  the  present  day. 
We  readily  trace  the  changes  the  test  undergoes  from  its  com- 
paratively ovoid  and  swollen  shape  to  assume  first  that  of  the 
less  gibbous  forms,  next  that  of  the  Laganidse,  and  finally  of 
the  flat  ScutellidsB :  while  we  trace  in  the  Echinanthidss  the 
persistent  structural  features  of  some  of  the  earliest  Clypeas- 
troids, together  with  an  excessive  modification  of  the  porifer- 
ous zone.  Likewise  for  the  Echinoconidae  we  trace  mainly  the 
slight  modifications  of  the  poriferous  zone  and  of  the  coronal 
plates,  and  finally,  when  we  come  to  the  Spatangidae  we  find 
no  difficulty  in  tracing  from  the  most  Desmostichoid  of  the 
Spatangoid  genera,  the  modifications  of  a  test  in  which  the 
ambulacral  and  interambulacral  areas  are  made  up  of  plates  of 
nearly  uniform  size,  in  which  the  anterior  and  posterior  extrem- 
ities are  barely  specialized,  to  the  most  typical  of  the  Ananchy- 
tid»,  in  whicfi  the  anterior  and  posterior  extremities  have  devel- 
oped the  most  opposite  and  extraordinary  structural  features. 
In  a  similar  way  we  can  trace  among  the  fossil  genera  of  differ- 
ent families  the  gradual  development  of  the  actinal  plastron 
from  its  very  earliest  appearance  as  a  modification  of  the  posterior 
interambulacral  area  of  the  actinal  side,  or  the  growtn  of  the 
posterior  beak  into  an  anal  snout,  the  successive  changes  of  the 
anal  groove,  the  formation  of  the  actinal  labium,  or  the  devel- 
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opment  of  the  bourrelets  and  phyllodes  from  a  simple  circular 
actinostoine,  the  gradual  deepening  of  the  slight  anterior 
groove  of  some  early  Spatangoid  to  form  the  deeply  sunken 
actinal  groove.  Equally  well  we  can  trace  the  modificatioDsof 
the  ambulacral  system  as  it  passes  from  the  simple  poriferoQA 
zones  of  the  earlier  Spatangoids  to  genera  in  which  the  petal- 
iferous  portion  makes  its  appearance,  and  finally  becomes  the 
specialized  structure  of  our  recent  Spatangoid  genera,  such  as 
Schizaster,  Moira,  and  the  like.  Finally,  we  can  trace  to  a  cer- 
tain  extent  the  development  of  the  fascioles  on  one  side  from 
genera  like  Hemiaster,  in  which  the  peripetaloas  fasciole  is 
prominent,  to  genera  like  Brissopsis,  Brissus,  and  the  like,  d 
the  present  day  ;  on  the  other,  perhaps,  or  in  both  combined, 
the  formation  of  a  lateral  and  anal  fasciole  from  genera  like 
Micraster  in  Spatangus  and  Agassizia.  Thus  we  must,  od  the 
same  theory  of  the  independent  modifications  of  special  struc- 
tural features,  trace  the  many  and  complicated  affinities  which 
so  constantly  strike  us  in  making  comparative  studies,  and 
which  render  it  impossible  for  us  to  express  the  manifold 
affinities  we  notice,  without  taking  up  separately  each  special 
structure.  Any  attempt  to  take  up  a  combination  of  charae- 
ters,  or  a  system  of  combinations,  is  sure  to  lead  us  to  indefinite 
problems  far  beyond  our  power  to  grasp. 

In  the  oldest  fossil  Clypeastroids  and  Petalosticha,  as  well  as 
in  the  Dcsmosticha,  we  also  find  the  potential  expression  d 
the  greater  number  of  the  modifications  subseauently  carried 
out  in  genera  of  later  date.  The  semipetaloid  structure  of 
some  of  the  earlier  genera  of  Spatangoids,  the  slight  modifica- 
tions of  some  of  the  plates  of  the  actinal  side  near  the  actinoe- 
tome,  are  the  precursors,  the  one  of  the  highly  complicated 
petaloid  ambulacra  of  the  recent  Spatangoids,  the  other  of  the 
actinal  plastron,  leading  as  it  does  also  to  the  important  difier- 
ences  subsequently  developed  in  the  anterior  anci  posterior  ex- 
tremities of  the  test,  as  well  as  to  the  modifications  which  lead 
to  the  existence  of  a  highly  labiate  actinostome.  The  appear- 
ance of  a  few  miliaries  near  the  actinostome  constitutes  the 
first  rudimentary  bourrelets. 

Going  back  now  to  the  Palfechinidse,  the  earliest  representa- 
tives of  the  Echini  in  palasozoic  times,  without  any  attempt  to 
trace  the  descent  of  any  special  type  from  them,  we  may  per- 
haps find  some  clew  to  the  probable  modifications  of  tneir 
principal  structural  features  preparatory  to  their  gradual  dis- 
appearance. In  the  structure  of  the  coronal  plates,  the  special- 
izal.ion  of  the  actinal  and  abactinal  systems,  the  conditions  of 
the  ambulacral  system,  we  must  compare  them  to  stages  in  the 
embryonic  development  of  our  recent  Echini  with  which  we 
find  no  analogues  in  the  fossil  Echini  of  the  Lias  and  the  sab- 
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seqaent  formations.  In  order  to  make  our  parallelism,  we  must 
go  back  to  a  stage  in  the  embryonic  history  of  the  young 
Echini  in  which  the  distinction  to  be  made  between  the  ambu- 
lacral  and  interambulacral  systems  is  very  indefinite,  in  which 
the  apical  system  is,  it  is  true,  specialized,  but  in  which  the 
actinal  system  remains  practically  a  part  of  the  coronal  system. 
But  here  the  comparison  ceases,  and,  although  we  can  trace  in 
the  paleontological  development  of  such  types  as  Archaeocida- 
ris  or  Bothriocidaris  modifications  which  would  lead  us  with- 
out great  difficulty,  on  the  one  side  to  the  CidaridsB,  and  on  the 
other  to  the  EchinothurisB  and  DiadematidsB  of  the  present 
day,  we  cannot  fail  to  see  most  definite  indications  in  some  of 
the  structural  features  of  the  PalaechinidsB  of  characteristics 
which  we  have  been  accustomed  to  associate  with  higher 
groups.  The  minute  tuberculation,  for  instance,  of  the  Clype- 
astroids  and  Spalangoids,  already  existing  in  the  Melonitidse, 
the  genital  ring,  and  anal  system,  are  quite  as  much  Echinid 
as  Cidarid.  The  polyporous  genera  of  the  group  represent  to 
a  certain  extent  the  polypori  of  the  regular  Echini,  and  the 
lapping  of  the  actinal  plates  of  the  Cidaridse  and  of  the  coronal 
plates  in  some  of  the  DiadematidsB,  as  well  as  the  existence  of 
such  genera  as  Tetracidaris,  of  four  interambulacral  plates  in 
Astropyga,  and  of  a  large  number  of  ambulacral  plates  in 
some  of  the  recent  Echinometradae,  all  these  are  PalsBchinid 
characters  which  we  can  explain  on  the  theory  of  the  inde- 
pendent development  of  the  structural  features  of  which  they 
are  modifications.  We  should,  however,  remember,  that  the 
existence  of  a  large  number  of  coronal  plates,  especially  inter- 
ambulacral plates,  in  the  Palaechinidae,  is  a  mere  vegetative 
character,  wnich  they  hold  in  common  with  all  the  Crinoids, — 
a  character  which  is  reduced  to  a  minimum  among  the  Holo- 
tharians,  and  still  persists  in  full  force  among  the  Pentacrini 
of  the  present  day,  as  well  as  the  Astrophytidae  and  Echinidae. 
It  would  lead  me  too  far  to  institute  the  same  comparison 
between  the  embryonic  stages  of  the  different  orders  of  Echin- 
oderms  and  their  earliest  fossil  representatives.  We  may, 
however,  in  a  very  general  wa v,  state  that  we  know  the  earliest 
embryonic  stages  of  the  orders  of  Echinoderms  of  to-day, 
which,  with  the  exception  of  the  Blastoidea  and  Cystideans, 
are  identical  with  the  fossil  orders,  and  that  as  far  as  we  know 
they  all  begin  at  a  stage  where  it  would  be  impossible  to  dis- 
tinguish a  Sea-urchin  from  a  Star-fish,  or  an  Ophiuran,  or  a 
Crinoid,  or  an  Holothurian, — a  stage  in  which  the  test,  calyx, 
abactinal  and  ambulacral  systems  are  reduced  to  a  minimum. 
From  this  identical  origin  there  is  developed  at  the  present  day, 
in  a  comparatively  short  period  of  time,  either  a  Star-fish,  a 
Sea-urchin,  or  a  Crinoid ;  and  if  we  have  been  able  success- 
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fully  to  compare,  in  the  development  of  typical  structures,  the 
embryonic  stages  of  the  young  Echini  with  their  development 
in  the  fossil  genera,  we  may  fairly  assume  that  the  same  pro- 
cess is  applicable  when  instituting  the  comparison  within  the 
diflferent  limits  of  the  orders,  but  with  the  same  restrictiong. 
That  is,  if  we  wish  to  form  some  idea  of  the  probable  coarse 
of  transformations  which  the  earliest  Echinoderms  have  under- 
gone to  lead  us  to  those  of  the  present  day,  we  are  justified  in 
seeking  for  our  earliest  representatives  of  the  orders  such 
Echinoderms  as  resemble  the  early  stages  of  our  embryos,  and 
in  following,  for  them  as  for  the  Echini,  the  modifications  of 
typical  structures.     These  we  shall  have  every  reason  to  ex- 

Eect  to  find  repeated  in  the  fossils  of  later  periods,  and,  going 
ack  a  step  further,  we  may  perhaps  get  an  indefinite  glimpse 
of  that  first  Echinodermal  stage  which  should  combine  the 
structural  features  common  to  all  the  earliest  stages  of  cor 
Echinoderm  erabryoa 

And  yet,  among  the  fossil  Echinoderms  of  the  oldest  peri- 
ods, we  nave  not  as  yet  discovered  this  earliest  type  from  wnich 
we  could  derive  either  the  Star-fishes,  Ophiurans,  Sea-urchins, 
or  Holothurians.  With  the  exception  of  the  latter,  which  we 
can  leave  out  of  the  question  at  present,  we  find  all  the  orders 
of  Echinoderms  appearing  at  the  same  time.  But  while  this 
is  the  case,  one  of  tue  groups  attained  in  these  earliest  davs  a 
prominence  which  it  gradually  loses  with  the  corresponding 
development  of  the  Star-fishes,  Ophiurans,  and  Sea-urchins,  it 
has  steadily  declined  in  importance  ;  it  is  a  type  of  Crinoids, 
the  Cystideans  which  culminated  during  Paleozoic  times,  and 
completely  disappeared  long  before  the  present  day.  If  we 
compare  the  early  types  of  Cystideans  to  the  typical  embryo- 
nic Echinodermal  type  of  the  present  day,  we  find  they  have 
a  general  resemblance,  and  that  the  Cystideans  and  Blastoids 
represent  among  the  fossil  Echinoderms  the  nearest  approach 
we  have  yet  discovered  to  this  imaginary  prototype  of  Echino- 
derms. 

This  may  not  seem  a  very  satisfactory  result  to  have  at- 
tained. It  certainly  has  been  shown  to  be  an  impossibility  to 
trace  in  the  paleontological  succession  of  the  Echini  anything 
like  a  sequence  of  genera.  No  direct  filiation  can  be  shown  to 
exist,  ana  yet  the  very  existence  of  persistent  types,  not  only 
among  Echinoderms,  but  in  every  group  of  marine  animals, 
genera  which  have  continued  to  exist  without  interruption 
from  the  earliest  epochs  at  which  they  occur  to  the  present 
day,  would  prove  conclusively  that  at  any  rate  some  groape 
among  the  marine  animals  of  the  present  day  are  the  direct 
descendants  of  those  of  the  earliest  geological  perioda  When 
we  come  to  types  which  have  not  continued  as  long,  but  yet 
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which  have  continued  through  two  or  three  great  periods,  we 
must  likewise  accord  to  their  latest  representatives  a  direct  de- 
scent from  the  older.  The  very  fact  that  the  ocean  basins  date 
back  to  the  earliest  geological  periods,  and  have  afforded  to 
the  marine  animals  the  conditions  most  favorable  to  an  unbroken 
continuity  under  slightly  varying  circumstances,  probably 
accounts  for  the  great  range  in  time  during  which  many 
genera  of  Echini  have  existed.  If  we  examine  the  interlacing 
m  the  succession  of  the  genera  characteristic  of  later  geo- 
logical epochs,  we  find  it  an  impossibility  to  deny  their  conti- 
nuity from  the  time  of  the  Lias  to  the  present  day.  The  Cida- 
ris  of  the  Lias  and  the  Bhabdocidaris  of  the  Jura  are  the 
ancestors  of  the  Cidaris  of  to-day.  The  Salenia©  of  the  lower 
Chalk  are  those  of  the  SalenisB  of  to-day.  Acrosalenia  extends 
from  the  Lias  to  the  lower  Cretaceous,  with  a  number  of  re- 
cent genera,  which  begin  at  the  Eocene.  The  Pygaster  of  to- 
day dates  back  to  the  Lias  ;  Echinocyamus  and  Fibularia  com- 
mence with  the  Chalk.  Pyrina  extends  from  the  lower  Jura 
through  the  Eocene.  The  Echinobrissus  of  to-day  dates  back 
to  the  Jura.  Holaster  lived  from  the  lower  Chalk  to  the  Mio- 
cene, and  the  Hemiaster  of  to-day  cannot  be  distinguished 
from  the  Hemiaster  of  the  lower  Cretaceous. 

Such  descent  we  can  trace,  and  trace  as  confidently  as  we 
trace  a  part  of  the  population  of  North  America  of  to-day  as 
the  descendants  of  some  portion  of  the  population  of  the  be- 
ginning of  this  century.  But  we  can  go  no  further  with  confi- 
dence, and  bold  indeed  would  he  be  who  would  attempt  even 
in  a  single  State  to  trace  the  genealogy  of  the  inhabitants  from 
those  of  ten  years  before.  We  had  better  acknowledge  our 
inability  to  go  beyond  a  certain  point;  anything  beyond  the 
general  parallelism  I  have  attempted  to  trace,  which  in  no  way 
invalidates  the  other  proposition,  we  must  recognize  as  hope- 
less. 

But  in  spite  of  the  limits  which  have  been  assigned  to  this 
general  parallelism,  it  still  remains  an  all-essential  factor  in 
elucidating  the  history  of  paleontological  development,  and  its 
importance  has  but  recently  been  fully  appreciated.  For, 
while  the  fossil  remains  may  give  us  a  strong  presumptive  evi- 
dence of  the  gradual  passage  of  one  type  to  another,  we  can 
only  imagine  this  modification  to  take  place  by  a  process 
similar  to  that  which  brings  about  the  modifications  due  to 
different  stages  of  growth, — the  former  taking  place  in  what 
may  practically  be  considered  as  infinite  time  when  compared 
to  the  short  life  history  which  has  given  us  as  it  were  a  risumi 
of  the  paleontological  development.  We  may  well  pause  to 
reflect  that  in  the  two  modes  of  development  we  find  the  same 
periods  of  rapid  modifications  occurring  at  certain  stages  of 


888   Agassiz — Paleontologtcal  and  Emhryological  Development 

growth  or  of  historic  development,  repeating  in  a  different  di- 
rection the  same  phases.  Does  it  then  pass  the  limits  of  analogy 
to  assume  that  the  changes  we  see  taking  place  under  our  own 
eyes  in  a  comparatively  short  space  of  time, — changes  which 
extend  from  stages  representing  perhaps  the  original  type  of 
the  group  to  their  most  complicated  structures, — may,  perhaps, 
in  the  larger  field  of  paleontological  development,  not  have 
required  the  infinite  time  we  are  in  the  habit  of  asking  for 
them? 

Paleontologists  have  not  been  slow  in  following  out  this  sug- 
gestive track,  and  those  who  have  been  anatomists  and  embry- 
ologists  besides  have  not  only  entered  into  most  interesting 
speculations  regarding  the  origin  of  certain  groups,  but  they 
have  carried  on  the  process  still  futher,  ana  have  given  us 
genealogical  trees  where  we  may,  in  the  twigs  and  branches 
and  main  limbs  and  trunk,  trace  the  complete  filiation  of  a 
group  as  we  know  it  to-day,  and  as  it  must  theoretically  have 
existed  at  various  times  to  its  very  beginning.  While  we  can- 
not but  admire  the  boldness  and  ingenuity  of  these  specula- 
tions upon  genetic  connection  so  recklessly  launched  during 
the  last  fifteen  years,  we  find  that  with  but  few  exceptions 
there  is  little  to  recommend  in  reconstructions  which  shoot  so 
wide  of  the  facts  as  far  as  they  are  known,  and  ^eem  so  readily 
to  ignore  them.  The  moment  we  leave  out  of  sight  the  actual 
succession  of  the  fossils  and  the  ascertainable  facts  of  postem- 
bryonic  development,  to  reconstruct  our  genealogy,  we  are 
building  in  the  air.  Ordinarily,  the  twigs  of  any  genealogical 
tree  have  only  a  semblance  of  truth  :  they  lead  us  to  branchlets 
having  but  a  slight  traoe  of  probability,  to  branches  where  the 
imagination  plays  an  important  part,  to  main  limbs  where  it  is 
finally  allowed  full  play,  in  order  to  solve  with  the  trunk,  to 
the  satisfaction  of  the  writer  at  least,  the  riddle  of  the  origin  of 
the  group.  It  seems  hardly  credible  that  a  school  which 
boasts  for  its  very  creed  a  belief  in  nothing  which  is  not  war- 
ranted by  common  sense  should  descend  to  such  trifling. 

The  time  for  genealogical  trees  is  passed;  its  futility  can, 
perhaps,  best  be  shown  by  a  simple  calculation,  which  will 
point  out  at  a  glance  what  these  scientific  arboriculturists  are 
attempting.  Let  ns  take,  for  instance,  the  ten  most  character 
istic  features  of  Echini.  The  number  of  possible  combinations 
which  can  be  produced  from  them  is  so  great  that  it  would 
take  no  less  than  twenty  years,  at  the  rate  of  one  new  combi- 
nation a  minute  for  ten  hours  a  day,  to  pass  them  in  review. 
Remembering  now  that  each  one  of  these  points  of  structure  is 
itself  undergoing  constant  modifications,  we  may  get  some  idea 
of  the  nature  of  the  problem  we  are  attempting  to  solve,  when 
seeking  to  trace  the  genealogy  as  understood  by  the  makers  of 


Agassiz — Ptikontological  and  Embryological  Development    889 

genealogical  trees.  On  the  other  hand,  in  spite  of  the  millions 
of  possible  combinations  which  these  ten  characters  may  assume 
when  aflfecting  not  simply  a  single  combination,  but  all  the 
combinations  which  might  arise  from  their  extending  over 
several  hundred  species,  we  yet  find  that  the  combinations 
which  actually  exist — those  which  leave  their  traces  as  fossils — 
fall  immensely  short  of  the  possible  number.  We  have,  as  I 
have  stated,  not  more  than  twenty -three  hundred  species 
actually  representing  for  the  Echini  the  results  of  these  endless 
combinations.  Is  it  astonishing,  therefore,  that  we  should  fail 
to  discover  the  sequence  of  the  genera,  even  if  the  genera,  as 
is  so  often  the  case,  represents,  as  it  were,  fixed  embryonic 
stages  of  some  Sea-urchin  of  the  present  day?  In  fact,  does 
not  the  very  history  of  the  fossils  themselves  show  that  we 
cannot  expect  this  r  Each  fossil  species,  during  its  develop- 
ment, must  have  passed  through  stages  analogous  to  those 
Kone  through  by  the  Echini  of  the  present  day.  Each  one  of 
these  stages  at  every  moment  represents  one  of  the  possible 
combinations,  and  those  which  are  actually  preservea  corre- 
spond only  to  the  particular  period  and  the  special  combina- 
tion which  any  Sea-urchin  has  reached.  These  stages  are  the 
true  missing  links,  which  we  can  no  more  expect  to  find  pre- 
served than  we  can  expect  to  find  a  record  of  the  actual 
embryonic  development  of  the  species  of  the  present  day 
without  direct  observation  at  the  time.  The  actual  number 
of  species  in  any  one  group  must  always  fall  far  short  of  the 
possible  number,  and  for  this  reason  it  is  out  of 'the  question 
for  us  to  attempt  the  solution  of  the  problem  of  derivation,  or 
to  hope  for  any  solution  beyond  one  within  the  most  indefinite 
limits  of  correctnesa  If,  when  we  take  one  of  the  most  limited 
of  the  groups  of  the  animal  kingdom,  we  find  ourselves  engaged 
in  a  hopeless  task,  what  must  be  the  prospect  should  we  attack 
the  problem  of  other  classes  or  groups  of  the  animal  kingdom, 
where  the  species  run  into  the  thousands,  while  they  number 
only  tens  in  the  case  we  have  attempted  to  follow  out?  Shall 
we  say  "ignorabimus"  or  'Mmpavidi  progrediamus  "  and  val- 
iantly chase  a  phantom  we  can  never  hope  to  seize  ? 
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Art.  XLI. — Notice  of  the  remarkable  Marine  Fauna  occupying 
the  outer  banks  off  the  southern  coast  of  New  England;  by  A.  R 
Verrilu  (Brief  Contributions  to  Zoology  from  the  Museum 
of  Yale  College :  No.  XLVIL) 

During  the  present  season  the  headquarters  of  the  U.  S. 
Fish  Commission,  Professor  S.  F.  Baird,  Commissioner,  were 
at  Newport,  R  I.  The  investigation  of  the  marine  invertebrate 
fauna  of  the  region  was  very  effectually  carried  out  by  the  large 
party  employed  under  the  general  direction  of  the  writer.  Large 
collections  were  made  in  the  shallower  waters  of  the  coast,  both 
at  the  surface  and  along  the  shores,  as  well  as  by  dredging  and 
trawling.  The  new  steamer  "  Fish  Hawk,*' of  480  tons,  built 
last  year  specially  for  the  Fish  Commission,  and  fitted  up  with 
suitable  appliances  for  its  scientific  work,  was  employed  in  the 
trawling  and  dredging.  It  was  commanded  by  Lieut  Z.  L 
Tanner,  U.  S.  N.,  who  was  also  in  command  of  the  ** Speedwell" 
last  season.  The  writer  had,  as  associates  and  assistants,  for  the 
invertebrata,  Mr.  Richard  Rathbun,  Mr.  Sanderson  Smith,  Mr. 
J.  H.  Emerton  (as  artist),  Mr.  B.  F.  Koons,  Mr.  E.  A.  Andrews, 
Mr.  Charles  Bent,  Mr.  N.  P.  Scudder.  Capt.  H.  C.  Chester,  as 
usual,  had  charge  of  the  apparatus.  Wire  rope  was  very  satis- 
factorily used  for  the  dredging  and  trawling.  In  September 
and  October,  three  very  successTul  trips  were  made  to  the  outer 
banks,  or  the  region  where  the  wide  area  of  shallow  water  more 
rapidly  falls  off  into  the  deep  water  of  the  Atlantic  basin. 

The  first  of  these  trips  was  made  Sept.  8d  to  6th,  south  of 
Martha's  Vineyard,  about  75  to  80  miles  (stations  865  to  872) 
where  the  depth  was  from  65  to  192  fathoms.  The  bottom  was 
mostly  fine  compact  sand,  with  some  mud,  and  with  a  large 
percentage  of  Foraminifera.  The  second  trip  was  made  Sept. 
12th  to  14th,  nearly  south  from  Newport,  90  to  105  miles,  where 
the  depth  was  from  85  to  325  fathoms  (stations  878  to  881). 
The  third  trip,  Oct.  1st  to  3d,  was  to  the  same  region,  bat 
somewhat  farther  west  and  south,  and  in  deeper  water,  (sta- 
tions 891  to  895).  At  all  these  stations,  except  867,  a  large 
beam-trawl  was  used ;  at  867  a  heavy  "rake-dredge,"  of  a  new 
form,  was  used  with  good  success. 

The  temperature  determinations,  owing  to  the  violent  motions 
of  the  steamer,  are  unreliable  at  stations  865  to  872.  At  sta- 
tions 873-878  the  bottom  temperature  was  usually  51®  to  68* 
F. ;  at  879-881,  it  was  42°  to  43°  F. ;  at  893,  894,  it  was  40°  F. 

All  these  stations  are  located  in  the  region  designated  on  the 
charts  as  **  Block  Island  Soundings,"  and  nearly  all  proved  to 
be  exceedingly  rich  in  animal  life,  the  vast  abundance  of  indi- 
viduals of  many  of  the  species  taken  being  almost  as  surprising 
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le  great  number  and  variety  of  the  species  themselves, 
tacea,  Mollusca,  Annelids  and  Echinoderms  were  the  most 
erous.  The  very  large  quantity  of  specimens  obtained 
hese  three  trips  has,  as  yet,  been  only  partially  examined, 
enough  has  already  been  done  to  prove  this  region  to  be 
;ether  the  richest  and  most  remarkable  dredging  ground 
discovered  on  our  coast 

Dredging  stations  on  the  outer  bank^  in  1880. 


Locality. 

Depth, 
Fatbonu 

Lat. 

Long. 

1.                    Nature  of  bottom. 

40' 06' 

» 

N. 

70*  23' 

W. 

66 

Fine  compact  sand  with  some  mud. 

40   06 

18* 

'N. 

70   22   18' 

W. 

66 

i(                                 U                            tl 

40   06 

42 

N. 

70   22   06 

W. 

64 

It                                  U                              It 

40   01 

42 

N. 

70    22   30 

W, 

162 

a                        «                     a 

40   02 

18 

N. 

70   23   06 

W. 

192 

Mud  and  fine  sand,  soft. 

40   02 

36 

N. 

70   22   68 

W. 

166 

Fine  sand  with  some  mud. 

40   02 

64 

N. 

70   23   40 

W. 

116 

It                    It 

40   06 

39 

N. 

70   23   62 

w. 

86 

Shells  and  sponges. 

40   02 

N. 

70   67 

w. 

100 

Fine  sand  and  mud. 

AO 

N. 

70   67 

w. 

86 

II              It 

39   67 

N. 

70   67   30 

w. 

126 

tt                  cc 

39   67 

N. 

70   66 

w. 

120 

It                 II 

39   66 

N. 

70   64   18 

w. 

126 

It                 It 

39   66 

N. 

70   64   16 

w. 

142i 

II                   It 

39   49 

30 

N. 

70   64 

w. 

226 

11                  11 

39   48 

30 

N. 

70   64 

w. 

262 

Mud  and  fine  sand. 

Somewhat  farther  south. 

326 

Mud.    Trawl  partiaUj  fouled. 

39   46 

N. 

71    10 

W.±600 

Mud  and  fine  sand. 

39   46 

N. 

71    06 

w. 

487 

Mud,  fine  sand,  smaU  stones. 

39   62 

20 

N. 

70   68 

w. 

372 

tl          tl                 It 

39   63 

N. 

70   68   30 

w. 

366 

tl          tt                 It 

39   66 

30 

N. 

70   69   46 

w. 

238 

II          tl                 It 

OLLUSCA. — Of  Mollusca,  about  175  species  were  taken.  Of 
t,  120  species  were  not  before  known  to  occur  on  the  south- 
loast  of  New  England ;  about  65  species  are  additions  to 
iLmerican  fauna ;  of  these  about  80  species  are,  apparently, 
scribed.  The  known  species  now  added  to  our  fauna  have 
ly  been  described  by  G.  O.  Sars,  Jeffreys,  and  others,  from 
leep  waters  of  the  European  coast  and  the  Mediterranean. 

Ifist  of  MoUueca  new  to  the  New  England  coaet. 

oee  with  n  prefixed  were  previouslj  known  from  off  Nova  Scotia  or  farther 
YariouB  undetermined  species  are  not  included.] 


tetUhis  tenera  Y.,  nov. 
tUhis  reveraa  Y.,  gen.  and  sp.  nov. 
€U3  fnoUis  Y.,  sp.  and  gen.  noy. 
auta  Argo  Linn^. 
is  Morchii  Sars. 
tenuicostaia  Sars. 
4oma  Agassizii  Y.  &  S.,  nov. 
ioma  Carpenteri  Y.  &  S.,  nov. 
neUa  roacida  Rav.  7 
(im«a  propinqua  (Alder). 
ofu9U8  laiericeuB  (MolL)  Morch. 


LameUaria  peUucida  Y.,  nov. 

n.Lovenella  Whiteavesii  Yerrill,  nov. 

Oingvia  twgida  (Jeff.) 

n.  Cingtda  Jan-Mayeni  (Friele)  Y. 

Lepetetta  tubicola  Y.  ft  S.,  gen.  and  sp.  nov. 

Sailaria  DaUiana  Y.  ft  S.,  nov. 

Scaktria  (fragile). 

SceUaria  Fourtalesii  Y.  ft  S.,  nov. 

Solarium^  sp.  (sharply  carinated). 

Aelis  WaOeri  J. 

CaUwstoma  Bairdii  Y.  ft  S.,  noY. 
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Margariki  regalis  V.  k  S.,  nov. 
Margarita  lameUoaa  Y.  &  S.,  nov. 
TitrboniUa  Raihbuni  V.  &  S.,  nov. 
Tktrbonilla  formosa  Y.  A  S.,  no7. 
Eulima  intermedia  Cantr. 
Eidima  distorta  Desh. 
n,PhHine  Finmarchica  Sara. 
PhUine  amabiiia  Y.,  nov. 
Amphisphyra  globosa  Lov^n. 
Diaphana  gemma  V.,  nov. 
Diaphana  nitiduia  (Lov6n). 
Pleurobranchasa  tarda  Y.,  nov. 
Doris  complanata  Y.,  nov. 
CaHnaria  AUarUica  Ad.  &  R. 
(7?io  pyramidata  Linne. 
Baiantium. 

Oymimlia  calceola  Y.,  nov. 
SpiricUis  retroversus  (Flem.) 
Cavolina  hngiroatris  (Les.) 
Cavolina  uncinata  (Rang.) 
Siphonentalia  Lofoiensia  Sara. 
Oadulus  Pandionis  Y.  &  S.,  nov. 


(%m2«Iu9  Jeffreyeix  (Monterofl.) 
Caduius  propinquua  O.  0.  Sara. 
P<>fvmya  rotundata  Jeff. 
Kecera  rostrata  (Speng.)  LoY^ 
Necera  costellaiaf 
NeiBrajuQoaa  S.  Wood. 
PeccJiiolia  abyssieola  Sara. 
n,Kennerlia  glacialis  (Leach)  Carp. 
Cardiumy  sp.  nov.  (canoellated.) 
Loripes  lens  Y.  A.  S.,  nov. 
Oryptodon  fsrruginosuB  (Forbes). 
n.  Yoldia  frigida  Torell. 
Leda  unca  Oould. 
Limopsis  cristata  Jeff.  ? 
Limopaia  minuta  (Phil.) 
Modiola  polita  Y.  A  S.,  nov. 
Avicula  hinmdo  f  var.  nitida  Y. 
n,Pecten  vitreus  (Gmcl.)  Wood, 
n.Pecten  Uoskynai  Forbes,   var.   |w«te> 

loaua  Y. 
Pecien  fenestraturi  Forbes  ? 
Limasa  aubovaia  (Jeffreys)  Monteroe. 


Ifist  of  Mbllusca  new  to  the  southern  coaat  of  New  England^  but 
previously  known  to  me  from  the  northern  coast. 


Roaaia  aublevia  YerriU. 

Octopus  Bairdii  YerrilL 

Admete  CouihouyiJay{=iA.  viridula  Gld.) 

Beta  exarata  (Moll.)  Ad. 

Beta  impreaaa  Morch  (S.  814). 

Bela  violacea  (Migh.)  Ad.  (S.  812). 

N^tunea  decerncostata  (Say)  Ad. 

Neptuneii    Stimpsoni  (Morch),  (  —  I\iaus 

lalandicus  Gld.) 
AfMchia  coaiulata  (Cant.)    (=  GolumbeUa 

Haliceeti  Jeff.) 
Lunatia  Grmlandica  (Moll.)  Ad. 
Lunatia  nana  (Moll.)  (S.  812,  814). 
Torellia  veatita  Jeff. 
Aporrhaia  occiderUdlia  Beck. 
CkUlioatoma  ocddentaie  (Migh.)  Dall. 
Punctwrdla  noackina  (L.)  Lowe. 
TktrhoniUa  nivea  (St.)  Ad. 
Odoatomia  modesta  Stlmp. 
RingicuUi  nitida  Y. 
Scaphander  puncto-atriata  (Migh.)  Ad. 
Amphiaphyra  pellucida  (Brown)  Lovdn. 
Oylichna  occulta  (Migh.)  Ad. 


Siphonodentalium  vitreum  Sars. 
Dentalium  occidentale  Stimp.   (=2>.  a6y»> 

aorum  Sara.) 
Teredo  megotara  Hani. 
Saxicava  Norvegica  (Speng.)  Woodw. 
Cyrtodaria  ailiqua  (Speng.)  Woodw. 
Neosra  olteaa  Lovdn  {=N.  peltudda  SL) 
Neaera  arctica  Loven. 
Neaera  glacialia  G.  0.  Sara. 
Poromya  granulata  (Nyat.)  F.  and  Han. 
Thracia  myopaia  M61L 
Cardium  lalaudicum  Linne. 
Aatarfe  crenata  Gray  (=A.  lens  St.) 
Nucula  delphinodonta  Mighels. 
Yoldia  thraci/ormia  (Storer)  Stimp. 
Yoldia  expansa  Jeff.  (?) 
Area  gJacialia  Gray. 
Area  pectunculoidea  Sc.,  (?  var.  of  la8t)L 
Orenella  decusaata  (Mont.)  Macg. 
Dacrydium  vitreum  (Moll.)  Sara. 
Pecten  Islandicua  Mxiller. 
Tlerebratulina  aepienirionalis  (Couth.) 


Descriptions  of  new  species  included  in  the  preceding  lists.* 
Heteroteuthis  tenera  Verrill,  sp.  nov. 

Body  small,  rather  short,  scarcely  twice  as  long  as  broad, 
obtuse.  Fins  thin,  rounded,  relatively  very  large,  length 
about  two-thirds  that  of  the  body,  longer  than  broad,  the 
anterior  edge  extending  forward  beyond  the  mantle.     Arms 

*  In  an  article  in  the  Proceedinga  of  the  National  Muaeuin,  detailed  desorip- 
tiona  of  the  new  apeciea  will  he  given.  Therefore  only  the  more  diagiuMtie 
charactera  are  given  here. 
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slender;  in  the  male  the  left  dorsal  arm  is  hectocotylized,  being 
broader  than  its  mate,  with  four  rows  of  minute  suckers,  while 
on  the  right  one,  and  in  the  female  on  both,  there  are  two 
regular  rows  of  larger  suckers.  Lateral  and  ventral  arms  have 
the  middle  suckers  (eight  to  ten)  much  larger  than  the  distal 
and  proximal  ones ;  in  the  male  this  disparity  becomes  very 
marked,  the  larger  suckers  being  eight  or  ten  times  as  lai^e  as 
the  proximal  ones.  These  suckers  are  deep,  laterally  attached, 
with  small  opening  and  smooth  rim.  Tentacular  arms  long, 
slender,  with  broader  club ;  suckers'  numerous,  unequal,  in 
about  eight  rows,  those  in  the  upper  rows  much  larger  than 
the  others,  with  denticulated  rims.  Color  translucent  white 
with  large  purple  chromatophores,  which  are  also  found  on  the 
inner  surfaces  of  the  arms  and  between  the  suckers.  Length 
of  body  25  to  40°^.  More  or  less  abundant  at  all  the  stations, 
from  865  to  880,  inclusive.     About  200  specimens  were  taken. 

CaUiteuthis  Verrill,  gen.  nov. 

Form  much  as  in  Histioleuthis,  but  without  any  web  between 
the  arms.  Body  short,  tapering  to  a  free  tip ;  fins  small,  united 
behind.  Siphon  united  to  head  by  two  dorsal  bands;  an  inter- 
nal valve.  Mantle  connected  to  sides  of  siphon  by  lateral 
elongated  cartilages  and  grooves.  Arms  long,  free ;  suckers  in 
two  rows,  largest  on  middle  of  lateral  and  dorsal  arms.  Eyes 
large,  with  oval  openings.     Buccal  membrane  simple,  sac-like. 

CaUiteuthis  reversa  Verrill,  sp.  nov. 

Arms  long,  tapering,  the  lateral  pairs  equal ;  the  dorsal  and 
ventral  about  equal,  somewhat  shorter  than  laterals;  tentacular 
arms  slender,  compressed,  (the  ends  absent).  Fins  small,  thin, 
transversely  rhomboidal,  white.  Color  reddish  brown  ;  the 
ventral  surface  of  body,  head  and  arms  covered  with  large, 
rounded  verrucse;  their  center  or  anterior  half  pale,  the  border 
or  posterior  half  dark  purplish  brown  ;  upper  surface  of  body 
with  much  fewer  and  smaller  scattered  verrucae;  a  circle  of 
same  around  the  eyes;  inner  surface  of  arms  and  buccal  mem- 
branes chocolate-brown.  Total  length,  183°*™ ;  to  base  of  arms, 
67 ;  of  mantle,  51 ;  of  fin,  17 ;  breadth  of  fins,  24 ;  of  body,  20 ; 
diameter  of  eye-ball,  16™.     Station  894. 

AUoposus  Verrill,  gen.  nov. 

Allied  to  Philonexis  and  Tremoclopus,  Body  thick  and  soft, 
smooth  ;  arms  all  (in  the  male  only  seven)  united  by  a  web 
extending  nearly  to  the  ends,  the  length  of  the  arms  decreasing 
from  the  dorsal  to  ventral  ones ;  suckers  sessile,  simple,  in  two 
rows;  mantle  united  firmly  to  the  head  by  a  ventral  and  two 
lateral  commissures,  the  former  placed  in  the  median  line,  at  the 
base  of  the  siphon,  and  by  a  broad  doi-sal  band  ;  free  end  of  the 
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siphon  short,  well  forward.  In  the  male'  the  right  arm  of  the 
third  pair  is  hectocotylized,  and  developed  in  a  sac,  in  front 
of  the  right  eye ;  as  found  in  the  sac,  it  is  curled  up,  and  has 
two  rows  of  suckers;  the  groove  along  its  edge  is  fringed ;  near 
the  end,  the  groove  connects  with  a  rounded,  obliqnely  placed, 
lateral,  concave  lobe,  with  interior  plications ;  the  terminal 
portion  of  the  arm  is  a  lanceolate  thickened  process,  with 
ridges  on  the  inner  surface.  The  permanent  attachment  of 
the  mantle  and  neck,  by  means  of  commissures,  is  a  very  dis- 
tinctive character. 

AUopo8U8  mollis  Verrill,  sp.  nov. 

Body  stout,  ovate,  very  soft  and  flabby.  Head  large,  as 
broad  ns  the  body ;  eyes  large,  their  openings  small.  Amu 
rather  stout,  not  very  long,  webbed  nearly  to  the  ends,  the 
dorsal  60™"  longer  than  the  ventral  arms ;  suckers  large,  simple, 
in  two  alternating  rows.  Color  deep  purplish  brown,  witn  a 
more  or  less  distinctly  spotted  appearance.  Length,  total,  160; 
of  body,  to  base  of  arms,  90  ;  of  mantle  beneath,  50  ;  of  doml 
arms,  70  ;  breadth  of  body,  70"".  The  sexes  scarcely  differ  in 
siza     Stations  880,  in  226  fathoms,  (26,19),  892,  898,  895. 

Cymhulia  calceola  Verrill,  sp.  nov. 

Test  thick,  transparent,  broad-ovate,  rounded  at  both  ends^ 
covered,  above  and  below,  with  low  rounded  verrucse ;  aperture 
large,  with  simple  unarmed  edges.  Animal  pale  pink,  with 
brown  nucleus ;  fins  very  large,  connate,  broadly  rounded. 
Length  of  test,  -40""  ;  breadth,  -20.  Stations  865  to  872,  (near 
surface),  common. 

Pleurotoma  Agassizii  Verrill  and  Smith,*  sp.  nov. 

Shell  large  and  handsomely  sculptured  ;  whorls  eight,  con- 
vex, shouldered,  with  about  sixteen  thick,  rounded,  oblique 
ribs,  separated  by  concave  interspaces  ;  the  ribs  do  not  extend 
above  the  shoulder,  leaving  a  rather  broad,  flattened  band, 
which  is  covered  by  raised  revolving  lines,  more  or  leas 
decussated  by  prominent  lines  of  growth  and  slight  ribleta, 
running  down  from  the  suture ;  the  revolving  lines  become 
stronger  and  more  elevated  below  the  shoulder,  and  crosa 
the  ribs  as  well  as  their  intervals  ;  toward  the  canal  the 
ribs  fade  out  and  the  revolving  lines  become  still  more  promi- 
nent. Outer  lip  with  a  wide  and  rather  deep  rounded  notch 
below  the  suture ;  below  this  it  curves  strongly  forward,  and 
recedes  again  at  the  canal,  which  is  rather  short,  narrowed,  and 
a  little  excurved.     Columella  smooth,  curved,  and  obliquely 

*  Mr.  Sanderson  Smith  has  beon  associated  with  me,  during  the  present  and  two 
preceding  seasons,  in  working  up  the  testaceous  mollusca.  The  speciefl  hart 
briefly  described  under  our  joint  names  will  be  described,  in  detail,  in  a  spaciil 
article  in  the  Proceedings  of  the  National  Museum. 
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aarrowed  at  the  canal  Aperture  subovate,  sinuous,  rather 
large.  Shell  white,  except  the  columella,  which  is  stained  with 
Drange-brown.  Length,  81 ;  breadth,  14 ;  length  of  aperture, 
16  ;  breadth,  6™.     Stations  865-«80 ;  891,  892  ;  894 ;  895. 

The  animal  has  neither  operculum  nor  eyes,  and  does  not 
properly  belong  to  PUurotoma  (restricted).  It  is,  perhaps,  most 
nearly  related  to  Pkuroiomella  V.  The  uncini  diflfer  from  all 
those  figured  by  G.  O.  Sars,  resembling  most  those  of  Thesbtcu 
The  basal  appendage  is  large  and  oblique. 

Fleurotoma  Carpenter  i  Verrill  and  Smith,  sp.  no  v. 

Shell  rather  small,  solid,  slender ;  surface  glossy.  Whorls 
eight,  somewhat  convex,  crossed  by  about  twelve  strong,  ele- 
Yated,  flexuous,  smooth,  rounded  longitudinal  ribs,  which 
extend  entirely  across  the  upper  whorls,  and  on  the  body  whorls 
from  the  suture  to  the  middle,  below  which  the  surface  is 
smooth  ;  the  interstices  between  the  ribs  are  deeply  concave, 
wider  than  the  ribs,  and  perfectly  smooth,  except  the  faint 
lines  of  growth.  Outer  lip  with  a  broad  shallow  notch,  below 
the  sutura  Aperture  rather  small,  ovate ;  canal  short,  narrow, 
straight;  columella  nearly  straight.  Color,  pale  brownish. 
Length,  7 ;  breadth,  2-75™.     Stations  870-873. 

Scalaria  PourtcUesii  Verrill  and  Smith,  sp.  nov. 

Shell  pure  white,  rather  stout,  with  seven  well  rounded 
whorls,  crossed  by  about  sixteen  high,. thin,  lamellar,  somewhat 
oblique  ribs,  which  rise  into  acute  angles  or  points  just  below 
the  suture.  Whorls  scarcely  united,  except  by  the  ribs,  which 
often  alternate  on  successive  whorls.  Interstices  covered 
with  fine  revolving  lines,  not  visible  without  a  lens.  Aperture 
round,  with  a  broad,  somewhat  reflexed  lip;  umbilicus  small, 
concealed  behind  the  inner  lip;  no  basal  keel.  Length,  17'5  ; 
breadth,  10  ;  of  aperture,  4°°^.     Stations  873,  874. 

Scalaria  DaUiana  Verrill  and  Smith,  sp.  nov. 

Shell  smaller  and  much  slenderer  than  the  last,  thin,  delicate, 
bluish  white.  Whorls  eleven,  evenly  rounded,  with  deeply 
indented  sutures.  Ribs  about  twenty,  on  the  lower  whorls, 
moderately  high,  thin,  oblique,  often  with  a  small  sharp  den- 
ticle, just  below  the  suture;  they  often  alternate;  interstices 
w^ider  than  the  ribs,  smooth,  without  distinct  revolving  lines. 
Aperture  round  with  a  reflexed  lip,  nearly  even  all  around ; 
umbilicus  none.  Length,  10*5 ;  breadth,  3'5°^.  Stations  869, 
870,  871,  878,  etc.,  not  uncommon. 

LatneUaria  peUucida  Verrill,  sp.  nov. 

Animal  yellowish  brown  mottled  with  darker,  broad  ellipti- 
cal, swollen,  without  tubercles  on  the  back.     Shell  ovate,  with 
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oblique  spire,  delicate,  transparent,  smooth;  apertare  broad 
ovate,  not  showing  the  interior  of  the  spire,  except  from  an 
endwise  view.  Middle  tooth  of  the  oaontophore  with  the 
basal  portion  oblong  and  truncated  posteriorly,  (not  bilobedas 
in  other  species).  Length,  12  to  16°^,  when  living.  Stations 
870,  871,  872,  several  specimens,  $  and  ? 

ZepeteUa  Verrill,  gen.  nov. 

Shell  small,  smooth,  oval  or  oblong,  limpet-shaped,  conical, 
with  a  simple  sub-central  apex,  not  spiral.  Animal  muchasin 
LepetUj  but  with  distinct  eyes.  Odontophore  tSBnioglossate, 
with  seven  regular  rows  of  teeth. 

LepeteUii  tubicola  Verrill  and  Smith,  sp.  nov. 

Shell  thin,  white,  smooth,  conical,  with  the  apex  acute  and 
nearly  central ;  aperture  broad  elliptical,  oblong,  or  subcircular, 
usually  more  or  less  warped,  owing  to  its  haoitat;  edge  thin 
and  simple.  Sculpture  none,  lines  of  growth  slight,  outer 
surface  dull  white;  inner  surface  smooth,  with  the  pallial 
markings  faint.  Length  of  largest  specimens  3'75;  breadth,  3; 
height,  2°^.  On  inside  of  old  tubes  of  Hyalinaecia  ;  twenty-seven 
were  taken  from  one  tube.     Stations,  869,  192  fath.,  and  89i 

Lovendla  Whiteavesii  Verrill,  sp.  nov. 

Shell  slender,  white,  acute,  allied  to  L,  meiula.  Whorls  nine 
or  ten,  flattened,  with  a  prominent  nodulous  carina  below  the 
middle,  a  smaller  one  just  below  the  suture,  and  another 
on  the  last  whorl,  in  line  with  edge  of  lip,  below  this  smooth; 
the  whorls  are  crossed  by  numerous  elevated,  rounded,  curved 
ribs.  Columella  much  incurved  above ;  canal  excurved ;  outer 
lip  with  three  angles.  Length  4*5°^ ;  breadth  1  -5"^ ;  one  is 
considerably  larger.  Stations  891,  894  ;  also  Gulf  St.  Lawrence 
(Whiteaves). 

Calliostoma  Bairdii  Verrill  and  Smith,  sp.  nov. 

Shell  large,  strong,  regularly  conical,  with  a  flattened  base,  no 
umbilicus,  yellowish  white  or  light  yellow,  with  more  or  less 
numerous  narrow,  spiral  bands  of  pale  brown  or  dark  brown, 
and  with  large  squarish  spots  of  bright  rosey  red  on  the  spire. 
Whorls  nine  or  ten,  flattened,  or  concave,  below  the  suture, 
which  is  not  impressed.  The  last  whorl  has  eight  to  ten  con- 
spicuous, raised,  nodulous  revolving  ribs,  of  which  three  or  four 
are  much  smaller  and  alternate  with  the  larger  ones;  the  strong- 
est rib  is  just  below  the  suture;  interstices  concave,  brownish, 
glossy,  obliauely  striated  by  the  lines  of  growth,  and  sometimes 
with  suborainate,  revolving,  raised  lines.  The  four  principal 
ribs  are  continued  on  the  upper  whorls,  but  the  intermediate 
ones  gradually  disappear  on  the  middle  whorls.     The  nodules 
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>n  the  ribs  are  prominent,  rounded  and  smooth,  whitish,  and 
axtend  to  near  the  apex.  Nuclear  whorl  smooth :  next  with 
three  carinae.  Base  with  about  twelve  spiral,  nodulous  ribs 
with  some  intermediate,  smaller  ones ;  umbilical  region  slightly 
excavated,  spirally.  Columella  strongly  concave,  terminating 
ID  an  indistinct  .tooth.  Animal  yellowish  with  long  tentacles, 
and  with  four  long  cirri  on  each  side;  eyes  well  developed. 
Dentition  somewhat  different  from  the  typical  species  of  the 
genus;  there  is  no  large  lateral  tooth,  between  the  inner  and 
outer  series;  outermost*  ones  broad  flat,  curved.  Operculum 
thin,  circular,  with  many  narrow  whorls.  Length,  82  ;  breadth, 
80 ;  breadth  of  aperture,"  15™°.  Taken  alive  at  nearly  all  the  sta- 
tions, from  865  to  880,  inclusive.  A  very  handsome  and 
showy  species,  having  a  tropical  aspect 

Margarita  regalis  Verrill  and  Smith,  sp.  nov. 

Shell  rather  large  for  the  genus,  thin  and  delicate,  whitish, 
brilliantly  iridescent  or  pearly,  externally  and  internally,  broad 
conical,  turreted,  wider  than  high,  with  a  convex  base,  and 
deep  umbilicus.  Whorls  seven,  much  flattened,  with  the 
BQture  scarcely  impressed ;  the  upper  whorls  are  coronated  by 
two,  and  the  body  whorl  by  three,  revolving,  strongly  nodulous 
ribs,  along  which  the  conical,  often  acute  nodules  are  very 
regularly  arranged.     The  first  of  these  rows  of  nodules  is 

{'ust  below  the  suture ;  the  second  is  separated  from  the  first 
ij  a  wide,  flat,  or  slightly  concave  interspace;  the  third  is  not 
far  from  the  second,  and  surrounds  the  periphery,  usually  corre- 
sponding with  the  line  of  the  suture;  the  second  and  third  are 
usually  the  most  elevated ;  on  the  base  there  are  five  or  six  strong, 
.rounded,  revolving  ribs,  part  of  them  usually  somewhat  nodu- 
lous, separated  by  deep,  concave  interspaces,  rather  wider  than 
the  ribs;  one  or  two  additional  ones  often  appear  in  the  umbil- 
ical opening,  which  is  funnel-shaped  and  moderately  large,  but 
oflen  partially  obstructed  by  the  reflexed  edge  of  the  inner  lip. 
The  interspaces  between  all  the  ribs  are  covered  with  close, 
slightly  raised  lines  of  growth,  and  usually  with  traces  of  a 
thin  epidermis.  Aperture  somewhat  quadrangular,  large,  lip 
thiiL  Animal  with  long  tentacles  and  large  black  eyes;  four 
lurge  lateral  cirri  on  each  side,  with  a  group  of  four  or  five 
small  intermediate  ones;  snout  with  a  broad,  bilobed  crescent- 
shaped  expansion  in  front  Odontophore  without  a  large  lat- 
eral tooth  between  the  inner  and  outer  series,  otherwise  much 
like  typical  Margaritce.  Length,  14;  breadth,  15°^;  often 
larger.'     Stations  865,  870,  871,  873,  880,  891-895,  common. 


lamellosa  Verrill  and  Smith,  sp.  nov. 

Shell  small,  fragile,  conical,  canaliculate,  with  a  wide  umbil- 
icas.     Whorls  five,  angulated  and  carinated  below  the  middle. 
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swollen  just  below  the  suture,  which  lies  in  a  deep  cbannd; 
they  are  crossed,  above  the  peripheral  carina,  by  numerom 
elevated,  thin,  oblique  ribs,  whicn  rise  into  laraellse  near  the 
suture,  where  they  join  the  carina  forming  small  nodules; 
between  the  ribs  are  fine  parallel  lines  of  growth  and  sometimei 
a  few  fine  revolving  lines.  Below  the  periphery,  in  line  with 
the  posterior  edge  of  the  lip,  there  is  a  smaller,  plain,  angular 
rib,  and  around  the  umbilicus  there  is  a  strong  nodolose  rih 
Between  these  ribs,  the  base  is  covered  with  fine  revolving 
lines.  Within  the  umbilicus  are  radiating  raised  lines  which 
cross  two  or  three  small  revolving  ribs.  Aperture  rounded, 
with  angles  corresponding  to  the  ribs.  Length,  8 ;  breadth,  8"*. 
Station  871,  scarce. 

Turbonilla  Rathbuni  Verrill  and  Smith,  sp.  no  v. 

Shell  white,  large  for  the  genus,  elevated,  with  twelve  rather 
convex  whorls,  and  impressed  sutures.  The  whorls  are  sligbtl? 
flattened  and  crossed  by  numerous  slightly  flexuous,  elevated, 
smooth,  even  ribs,  of  which  there  are  about  thirty  on  the  lower 
whorls ;  intervals  about  as  wide  as  the  ribs,  concave,  crossed  bj 
impressed  revolving  lines,  of  which  there  are  eight  or  ten  oa 
the  spire.  Aperture  somewhat  oblong,  with  the  lip  a  litde 
prolonged  and  slightly  eft'use  anteriorly.  Columella  nearly 
straight,  smooth,  u  mbilicus  none.  Length,  13 ;  breadth,  4"". 
Station  869,  192  fathoms,  conimon  ;  894,  895. 

TSirbonilla  formosa  V.  and  S.,  sp.  nov. 

Shell  white,  lustrous,  large,  in  form  and  size  resembling  the 
preceding ;  wliorls  twelve,  somewhat  flattened  ;  aperture  ovate, 
eff*use  in  front ;  sculpture,  strong  rounded  ribs,  but  without  aay 
revolving  lines.     Stations  891,  892. 

Pleurobranchcea  tarda  V.,  sp.  nov. 

Body  ovate,  stout,  swollen,  strongly  convex,  yellowish  brown, 
reticulated  with  dark  brown.  Gill  plumose,  at  middle  of  right 
side,  purple.  Tentacles  short,  inroUed,  obtuse.  Proboscis  laige, 
purple.  Odontophore  large  and  broad,  with  150  to  170  rows 
of  teeth,  no  median  tooth ;  teeth  all  similar,  but  gradoallj 
changing  toward  margins  ;  inner  ones  narrow,  lanceolate^ 
curved,  acute,  with  a  stout  denticle  on  the  inner  edge,  nev 
the  end ;  outer  teeth  have  the  side  denticle  rudimentary. 
Length  30  to  40™.  Common  at  stations  814,  865-«80 ;  28  to 
250  fathoms ;  over  200  specimens  taken.  One,  60™"  loog 
from  station  896. 

Philine  amabilis  V.,  ep.  nov. 

Shell    very    thin,    diaphanous,   delicate,    and  shining  wi4 
bright  iridescence;  very  large  for  the  genus,  and  veiyopen, 
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showing  the  interior  of  the  spire,  broad  oblong,  with  rounded 
ends ;  outer  lip  evenly  rounaed  posteriorly  and  scarcely  pro- 
jecting beyona  the  spire ;  apex  occupied  by  a  shallow  pit 
Sculpture,  conspicuous  wavy  lines  of  growth,  and  microscopic 
wavy  spiral  striae,  over  the  whole  surface.  Length  of  shell, 
15;  breadth,  10"^.  Odontophore  with  a  large  hook-shaped 
inner  lateral  tooth,  on  each  side,  and  a  slender  spiniform  outer 
one.  Gizzard  large,  with  three  calcareous  platea  Station  876, 
several  living  specimens. 

Diaphana  {Uinculus*)  gemma  Y.,  sp.  nov. 

Shell  white,  rather  solid,  resembling,  in  size  and  form,  Oy- 
lichna  occulta  (Migh.),  but  distinguished  by  having  a  small,  dis- 
tinct umbilicus,  and  also  a  narrow  deep  pit  at  the  apex  of  the 
spire.  Sculpture,  a  few  distinct  spiral  lines  at  each  end ;  mid- 
dle region  of  shell  smooth.  Length,  4*2;  breadth,  2*5°^. 
Stations  871,  878. 

JDoriB  complanata  Y.,  sp.  nov. 

Body  large,  broad  elliptical,  depressed,  pale  brown  to  dusky 
brown,  more  or  less  mottled,  back  nearly  smooth,  with  few 
minute  verrucse.  Dorsal  tentacles  stout,  clavate,  with  many 
crowded  lamellae,  sheaths  plain.  Gills  ten,  large,  bipinnate, 
brown,  retractile  into  a  large  cavity.  Oral  tentacles  free,  ovate, 
tapered.  Odontophore  with  70  to  80  rows  of  lateral  teeth,  the 
outermost  smallest:  22  to  24  inner  lateral  ones,  on  each  side, 
sharp,  hook-shaped,  with  two  side  lobes ;  those  exterior  to  these, 
have  obtuse,  incurved,  denticulate  ends.  Length,  50 ;  breadth, 
26"™.     Station  872,  eight  specimens. 

Caduius  Pandionis  Y.  and  S.,  sp.  nov. 

Shell  very  large  for  the  genus,  white,  transparent,  very 
smooth  and  polished,  shining,  strongly  curved,  largest  in  front 
of  the  middle,  with  the  aperture  oblique ;  sculpture  nona  The 
shell  is  somewhat  transversely  elliptical  in  section,  slightly 
gibbous  and  most  swollen  at  about  the  anterior  third,  on  the 
convex  side;  from  this  point  gradually  tapering  to  the  slender 
posterior  end,  and  to  the  mouth,  which  is  slightly  broader  than 
Digh,  and  recedes  considerably  on  the  convex  side  of  the  shell, 
with  a  thin  smooth  margin.  Posterior  opening  small,  with  a 
semicircular  notch  above  and  below.  Length,  10;  breadth, 
2^;  breadth  of  aperture,  1-75;  of  anal  aperture,  -40°*".  Sta- 
tions 869-871,  878,  874,  876  (abundant),  877,  891. 

*  I  here  use  Diaphana  for  the  restricted  genus  Utriculus^  as  adopted  hj  G.  0. 
ten.  It  is  peculiar  in  lacking  the  odontophore.  Utriculus  is  preoccupied  by 
ednmiadier  (1817).  Our  ^^UtriciUva  GotddiV^  is,  in  its  gizzard  and  dentition,  a 
teae  OyU^na  and  should  be  called  CyUchna  Gouldii.  The  Diaphana  pertenuis 
Q(Os^)  Is  very  distinct  from  it. 
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LoHpes  lens  Yerrill  and  Smith,  sp.  nov. 

Shell  white,  well-rounded,  nearly  equihateral,  slightly  convex, 
thin  ;  lunule  small,  cordate,  deeply  excavated ;  sculpture  slightly 
raised,  concentric  lines  of  growth,  distinct  at  the  ends,  but  nearlj 
obsolete  on  the  median  portion  of  the  shell.  Posteriorly  the 
outline  is  more  obtusely  rounded,  so  as  to  form  a  rounded 
angle  with  the  dorsal  and  ventral  edges;  dorsal  edge  incurved 
in  front  of  the  beaks;  a  faint  undulation  runs  from  the  beak  to 
the  posterior  angle.  Teeth  none.  Length,  14 ;  height,  12"5™. 
Stations  865  to  872 ;  873  to  879,  common.  Also  dredged  off 
Cape  Cod,  1879,  in  many  places  (40  to  120  fathoms). 

Modiola  polita  Verrill  and  Smith,  sp.  nov. 

Shell  thin,  translucent,  without  sculpture ;  epidermis  pale 
yellow,  smooth  and  polished.  Umbos  prominent :  hinge-line 
straight ;  posterior  end  broadly  rounded,  compressed  ;  anterior 
end  prolonged  decidedly  beyond  the  beak,  narrow,  rounded. 
Greatest  length,  40 ;  breadth,  21°*°*.    Station  895,  two  specimens. 

Pecten  feneatratua  Forbes  (?). 

The  small  species  that  I  refer  doubtfully  to  this  species  is 
beautifully  marbled  with  brown,  red  and  white.  The  ears  are 
prominent.  The  lower  valve  is  covered  with  thin  concentric 
riblets,  while  the  upper  valve  is  cancellated  with  fine  radiating 
and  concentric  raised  lines.     Station  872. 

ECHINODBKMS. 

The  star-fishes  and  ophiurans  were  exceedingly  abundant  and 
beautiful  at  all  the  stations,  and  many  species  not  known  pre- 
viously OR  our  coast  were  taken,  several  of  which  appear  to  be 
undescribed,  while  others  were  known  only  from  northern 
Europe,  or  from  the  deep  waters  oflF  Florida.  Many  of  the 
species  have  only  recently  been  obtained  from  the  northern 
fishing  banks  off  Nova  Scotia,  and  are  recorded  in  this  Journal. 
One  new  species  of  Archaster  (J.  Americanus)  was  particu- 
larly abundant,  several  thousands  of  specimens  having  been 
taken  ;  but  the  two  largest  and  most  beautiful  species  of  this 
genus  were  Archaster  Agassizii  (new)  and  A.  Flora.  Of 
Odontaster  hispidus,  over  100  were  taken.  One  of  the  most 
conspicuous  star-fishes  was  the  remarkable  PCeraster  mulitpa 
Sars,*  one  specimen  of  which  was  over  six  inches  in,  diameter, 
and  very  thick  and  heavy.     Its  color,  in  life,  is  rich  purple 

above,  with  the  lower  side  orange,  streaked  with  brown,  and 

« 

•  This  species  differs  so  widely  from  typical  Pteraater  as  to  merit  gvoniB 
separation.  I  propose  for  it  the  name  Diplopteraster,  characterized  eipecU^ 
by  havinp:  suckers  in  four  rows,  and  by  having  the  horizontal  radiatiiig  interbnefe* 
ial  spines  of  the  lower  surface  imbedded  in,  and  concealed  by,  a  thidc  ddo, 
adult,  (exposed  in  the  young). 
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with  large  dark  purple  suckers.  A  large  and  handsome  orange- 
4K>lored  species  of  Luidia  (apparently  L,  elegana)  often  ten  to 
fifteen  inches  broad,  was  very  common,  but  nearly  all  the 
specimens  dismembered  themselves  before  they  came  to  the 
surface.  Large  specimens  of  two  Floridian  sea-urchins  {Echi- 
nus gracilis  ana  E,  Norvegicus)  were  taken. 

Partial  List  of  Echinodermata. 

B.  =  EnropMui ;  F.  =  off  Florida ;  n.  =  northera  coasts  of  New  England  or  Note 
Sootia ;  *  =  new  species.    Numbers  refer  to  list  of  stations ;  ab.  =  abundant 

«.    Thyone  icahra  Yerrill.    (8*76,  8*77.) 

C^ntdina,     (8*76.) 
«.    SchiMatter  fragUis  D.  &  Kor.    (865,  871,  873,  874,  876,  ab.,  877,  ab.) 
F.  Mchima  gracilis  A.  Ag.    (872,  two  large  specimens.) 
P.  Echinui  Norvegieua  D.  ft  K. 
F.  f^nechima  maculaius  A.  Ag. 

AMkrias  vulgaris  Stimp.    (869,  one  sp.) 

•  Asterias  Tanneri  Y.,  nov.    (869,  870,  871,  872,  877.) 

II.  S^hanasitrias  aOnUa  (Stimp.)  Yerrill.     (865,  866,  ab.,  871,  872.) 

CribreOa  sanguinolenta  LQtk.    (871,  872.) 

B.  D^plopUrasUr  fmdtipes  (Sars)  YerrilL    (869,  one  very  large,  880,  two,  895,  one.) 

«.  iVaiiia  ^aiuiif  Yerrill.    (869,  several,  872.) 

«.  P&rania  spinulosa  Yerrill.     (869,  879,  three.  894,  895.) 

ft.  JPorania  horeaUs  Yerrill  (=  Asierina  borealis  Y.)    (869,  several,  879,  few.) 

•  Otbmtaster  hispidus  Y.,  gen.  noY.  (865, 869,  ab.,  871,  872.  ab.,  873,  878,  894,  895.) 
ft.  Archaster  Flora  YerrilL    (869,  several,  large,  879,  881,  895.) 

•  Archaster  Amerieanus  Y.    (865-8,  very  ab.,  871,  ab.,  873,  877,  ab.,  879.) 

•  Archaster  Agassizii  V.    (879,  880,  sev.,  881,  sev.,  891-894.) 
ft.  Arduuter  ParelHi  D.  ft  K.    (879,  892-894.) 

F.  Luidia  etegans  Perrier.    (865-872,  many  large,  873,  876,  877.) 
ft.    Ctenodiscus  crispakts  D.  ft  Kor.    (879,  one.) 

OphiophoUs  aculeata  Gray.    (865,  869,  872,  879,  895.) 
ft.    Ophioglypha  Sarsii  Lyman.    (865-869,  ab.,  870,  ab.,  871,  877,  ab.,  879,  895.) 
ft.    Ophiog^ha  affinis  Lyman.    (869,  875,  877,  878.) 

•  (ii>hwglfa>ha,    (879,  880.  895.) 

ft.    OphiacaiUhamillespina  Yerriil    (869,  ab.,  871.) 
ft.    CiphMosealex  glacialis  M.  ft  Tr.    (869,  871.) 
ft.   Amphiura  Otteri  (7)  Ijung. 

Amphmra.    (865,  879.) 

An^phiura.    (880,  two.) 
F.   Ophiocnida  oUvaeea  Lym.    (869,  871,  ab.,  872,  873-877,  ab.) 
ft.   Anisdan  Sarsii  (D.  ft  K.)    (870,  871,  873-876,  878-880.) 

AUerias  Tanneri  Yerrill,  sp.  nov.. 

A  large,  handsome,  five-armed,  dark  red  species,  with  a 
fimall  disk  and  long  narrow  arms.  Badii  aoout  as  1  :  7. 
Skeleton-plates  rather  strong.  Lateral  and  dorsal  spines  one 
to  a  plate,  elongated,  round,  tapering,  forming  five  simple  rows, 
in  adults;  in  young,  only  three  distinct  rowa  Ventral  spines, 
long,  obtuse,  two  to  a  plate,  forming  a  double  row,  remote  from 
the  lateral,  with  large  groups  of  papillss  between.  Adambu- 
lacral  spines  long,  slender,  two  to  a  plate,  divergent,  forming 
two  regular  rows.  Minor  pedicellarise  form  close  wreaths 
around  bases  of  lateral  and  dorsal  spines,  and  clusters  on  outer 
side  of  external  ventrals ;  major  ones,  large,  long-ovate,  pointed. 

Am.  Joos.  SoL'Thibd  Sbribs,  Vol.  XX,  No,  119.— Nov.,  1880. 
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scattered  between  tbe  dorsal  spines  and  clustered  around  their 
basea  Badius  of  disk,  11 ;  of  arms,  75"^ ;  larger  specimena, 
25omm  jj^  diameter,  were  secured,  but  most  of  them  had  dismem- 
bered themselves,  before  reaching  the  surface. 

Odantaster  Verrill,  gen.  nov. 

Form  and  appearance  like  Archasiei* ;  two  rows  of  maiginal 
plates ;  dorsal  surface  with  paxillse ;  ventral  plates  polygonal, 
spinulose.  Each  Jaw  bears  a  large,  strong,  sharp,  erect  or 
everted  tooth,  outside  of  the  marginal  spinules. 

Odontaater  hispidua  Y.,  sp.  nov. 

Bays  five,  rarely  six,  broad,  tapering,  sub-acute ;  body  broad, 
densely  spinulose  beneath,  flattened  dorsally ;  larger  paxilln, 
each  with  a  group  of  fifteen  to  twenty  slender,  equal,  diveigent 
spinules ;  those  near  the  marginal  plates  much  smaller.  Upper 
marginal  plates  squarish,  densely  covered  with  small,  soaip 
spinules  ;  lower  ones  with  larger  and  longer  spinules ;  venUd 
plates,  each  with  a  crowded  group  of  six  or  eight  larger,  stoat, 
acute  spinules,  varying  in  stoutness  ;  adambulacral  plates,  each 
with  two,  three,  or  more,  blunt  spinules,  on  the  inner  edge,  in 
a  row,  and  others,  of  similar  form,  outside  of  them.  Central 
tooth  of  jaws  with  sharp,  smooth  tip,  straight  or  recurved, 
longer  and  much  larger  than  adjacent  spines.  Color  pale 
salmon,  or  yellowish,  when  living.  Badius  of  disk,  15;  of 
arms,  42' 


tmm 


Archaster  Americanus  Verrill,  sp.  nov. 

Arms  five,  rarely  six,  long,  regularly  tapered,  moderately 
broad,  rather  flat.  Badius  of  disk  to  that  ot  arms,  commonlj, 
1  :  5.  Color  in  life,  pale  yellow,  orange-yellow,  or  salmoo. 
Dorsal  area  covered  with  slender  paxillas,  not  crowded,  eaeh 
bearing  a  stellate  group  of  eight  to  ten  very  slender,  long  spio- 
ules,  with  a  central  one  of  the  same  size.  Upper  marginal 
plates  rather  large,  elongated  vertically,  densely  covered  with 
small  spinules,  wnich  radiate  around  the  margin  ;  sometimes  a 
few  plates,  in  the  angles  between  the  arms,  bear,  each,  a  single 
spine,  at  the  upper  end.  Lower  plates  large,  broad,  reaching 
nearly  to  the  arabulacral  groove,  covered  with  slender,  sharp 
spinules,  the  middle  row  longest;  two  or  three  of  the  outermost 
of  these  are  much  longer  and  larger  than  the  rest,  and  mon 
or  less  flattened.  Ventral  plates  very  few,  spinulose.  Adam- 
bulacral plates,  each  with  an  inner  group  of  three  or  foor 
slender  spines,  in  a  row,  and  an  irregular  outer  group  of  three 
or  four  larger  ones;  jaw-spines  numerous,  blunt  Laigert 
specimens  have  the  larger  radius  74 ;  lesser  12"*". 
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ArduuUr  AgoMkdi  Verrill,  sp.  noy. 

A  large  and  elegantly  formed  species,  with  rather  lar^e  pen- 
tagonal disk  and  wide,  rapidly  tapered  arms.  Color,  in  life, 
bright  orange-red. 

Dorsal  surface  closely  covered  with  large,  even  paxillsB,  which 
are  crowned  with  very  numerous,  short,  blunt,  granule-like 
spinules,  six  or  eight  larger  ones  forming  a  central  group,  with 
twenty  to  thirty  smaller  and  more  acute  ones  fringing  the  border; 
next  the  marginal  plates  the  paxillse  are  smaller  and  crowded  ; 
a  group  of  larger  and  more  conspicuous  ones  surrounds  and 
partially  covers  the  large  madreporic  plate.  Upper  and  lower 
marginal  plates  equal  in  number  and  nearly  so  in  size,  their 
sutures  coincident;  proximal  plates  higher  than  long;  those 
toward  the  ends  of  the  arms  nearly  square ;  all  are  densely 
.covered  with  small  rounded  granules ;  in  many  specimens  the 
lower  marginal  plates  bear,  each,  a  single  short,  stout,  blunt 
spine,  on  the  outer  side,  but  these  are  often  partially  wanting, 
and  sometimes  entirely  absent.  Ventral  plates  K>rm  trian- 
gular areas,  extending  out  a  short  distance  on  the  arms ;  they 
are  angular,  covered  with  short,  rounded  spinules,  and  form  a 
dose  pavement  Adambulacral  plates  bear,  each,  about  seven 
or  eight  slender,  nearly  equal  spines,  in  one  row,  with  a  group 
.of  outer,  small,  short  spinules.     Greater  radius  67 ;  lesser  21"^. 

Luidia  degansf  Perrier.    Arch.  Zool.  Exp6r.,  p.  256, 1876. 

The  species  taken  by  us  grows  to  more  than  850°*"  in 
diameter.  Color  deep  orange  above,  lighter  below.  Paxillse 
crowded,  smallest  in  middle  of  arms ;  large  laterally ;  each 
bears  a  large  group  of  slender  spinules,  and  usually  one  to 
three  larger,  blunt  pedicellarise.  Marginal  plates  with  a  vertical 
row  of  three  lon^,  tapering,  acute  spines,  the  upper  ones  largest ; 
adambulacral  plates  also  with  a  row  of  three  sharp  spmes, 
which  are  smaller  and  recurved ;  the  middle  one  largest.  A 
TOW  of  large,  ovate,  bilabiate  pedicellarisd  between  the  lateral 
and  adambulacral  plates.  The  specimen  described  by  Perrier 
very  young,  if  of  this  species. 


Abt.  XLII. — Revision  of  the  Land  Snails  of  the  Paleozoic  era, 
with  Descriptions  of  New  Species  ;  by  J.  W.  Dawson. 

The  Gasteropods  as  a  class  occur  as  early  as  the  Upper  Cam- 
brian, but  all  tne  earlier  known  types  are  marine.  That  por- 
tion of  the  group  distinguished  by  the  possession  of  air  sacs 
instead  of  gills  (Pulmonifera)  has  not  hitherto  been  found  in 
any  formation  older  than  the  Carboniferous,  and  only  four  Car- 
boniferous species  have  been  described.    In  the  present  paper 
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I  propose  to  state  some  additional  facts  respecting  the  speciee 
alreaa J  known,  to  discuss  their  affinities,  and  to  describe  two 
additional  species,  making  six  in  all  from  the  Paleozoic  rocks, 
including  one  from  the  Brian  or  Devonian.  For  reasons  to  be 
mentioned  in  the  sequel,  I  do  not  admit  the  genus  PalaxnUs 
founded,  by  some  German  naturalists,  on  fossils  which  I  believe 
to  be  tubes  of  Annelids. 

It  may  be  useful  to  premise  that  of  the  two  leading  sub- 
divisions of  the  group  of  Pulmonifera,  the  Operculate  and 
Inoperculate,  the  first  nas  been  traced  no  farther  back  than  the 
Eocene.  The  second,  or  Inoperculate  division,  includes  some 
genera  that  are  aquatic  and  some  that  are  terrestrial  Of  the 
aquatic  genera  no  representatives  are  known  in  formations 
older  than  the  Wealden  and  Purbeck,  and  these  only  in  Europe 
The  terrestrial  group  or  the  family  of  the  HeWcidoe^  which, 
singularly  enough,  is  that  which  diverges  farthest  from  the 
ordinary  gill-bearing  Gasteropods,  is  the  one  which  has  been 
traced  farthest  back,  and  includes  the  Paleozoic  species.  It  is 
further  remarkable  that  a  very  great  gap  exists  in  the  geolog- 
ical history  of  this  family.  No  species  are  known  between  the 
Carboniferous  and  the  early  Tertiary,  though  in  the  inte^ 
vening  formations  there  are  many  fresh-water  and  estuarine 
deposits  in  which  such  remains  might  be  expected  to  occur. 
There  is  perhaps  no  reason  to  doubt  the  continuance  of  the 
Helicidse  through  this  long  portion  of  geological  time,  though 
it  is  probable  that  during  the  interval  the  family  did  not 
increase  much  in  the  number  of  its  species,  more  especially  as 
it  seems  certain  that  it  has  its  culmination  in  the  moaern 
period,  when  it  is  represented  by  very  many  and  lar^e  species, 
which  are  dispersed  over  nearly  all  parts  of  our  continent& 

The  mode  of  occurrence  of  tne  Paleozoic  Pulmonifera  in  Uie 
few  localities  where  thev  have  been  found  is  characteristic 
The  earliest  known  species,  Pupa  velusta,  was  found  by  Sir 
Charles  Lyell  and  the  writer,  in  the  material  filling  the  once 
hollow  stem  of  a  Sigillaria  at  the  South  Joggins  in  Nova  Scotia, 
and  many  additional  specimens  have  subsequently  been  ob- 
tained from  similar  repositories  in  the  same  locality,  where  thej 
are  associated  with  bones  of  Batrachians  and  remains  of  Milli- 

Eedes.  Other  specimens,  and  also  the  species  2!ontte8  prueiu, 
ave  been  found  in  a  thin,  shaly  layer,  containing  debris  <rf 
plants  and  crusts  of  Cyprids,  and  which  was  probably  deposited 
at  the  outlet  of  a  small  stream  flowing  through  the  coal«forma- 
tion  forest  The  two  species  found  in  Illinois  occur,  according 
to  Bradley,  in  an  underclay  or  fossil  soil  which  may  have  been 
the  bed  of  a  pond  or  estuaiy,  and  subsequently  became  a  fweit 
sub-soil.  The  Erian  species  occurs  in  shales  chai^ged  witb 
remains  of  land  plants,  and  which  must  consequently  hire 
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received  abundant  drainage  from  neighboring  land.  It  is  only 
in  such  deposits  that  remains  of  true  land-snails  can  be  ex- 
pected to  occur;  though,  had  fresh-water  or  brackish  water 
Fulmonates  abounded  m  the  Carboniferous  age,  their  remains 
should  have  occurred  in  those  bituminous  and  calcareo-bitu- 
minous  shales  which  contain  such  vast  quantities  of  debris  of 
Cyprids,  Lamellibranchs  and  fishes  of  the  period,  mixed  with 
fossil  plants. 

With  reference  to  their  affinities,  the  Paleozoic  land  snails 
present  no  very  remarkable  peculiarity  except  their  close  re- 
semblance to  some  modern  forms.  Of  the  known  species,  four 
belone  to  the  genus  Pupa  in  its  wider  sense,  and  are  very  near 
to  sub-generic  types  still  represented  on  the  American  conti- 
nent and  its  islands.  One  is  a  small  helicoid  shell  not  separa- 
ble from  the  modern  genus  Zonites^  and  the  remaining  one, 
though  it  has  been  placed  in  a  new  genus,  is  very  near  to  some 
small  American  snails  of  the  present  day  {Stenotrema^  etc.) 
All  the  species  are  of  small  size,  though  not  smaller  than  some 
modem  shells  of  the  same  types. 

I  shall  now  proceed  to  give  the  characters  and  descriptions 
of  the  several  species,  adding  to  the  account  of  those  previously 
known,  such  new  facts  as  have  occurred  in  my  more  recent 
explorations  and  examinations.  I  should  state  here  that  many 
of  the  new  facts  detailed  have  been  obtained  in  the  course 
of  excavations  for  the  extraction  of  erect  trees  holding  land 
animals,  undertaken  with  the  aid  of  a  grant  from  the  Govern- 
ment fund  for  aiding  original  researches,  at  the  disposal  of 
the  Boyal  Society  of  London,  and  carried  on  within  the  past 
three  years. 

1.  Pupa  vetusta  Dawson.     (Figs.  1  to  4,  and  14,  a,  b.) 

[Sir  G.  Lyell  and  Dr.  Dawson  on  Remains  of  Reptiles  and  a  Land  shell  from 
the  South  Joggins  in  Nova  Scotia,  Journal  of  Geological  Society  of  London,  voL  ix, 
1832  (figured  but  not  named).  Dawson's  Acadian  G^logy,  1856,  p.  1 60.  Dawson's 
Air-breathers  of  the  Coal  Period,  1863.  Acadian  (Geology,  2d  and  3d  editions,  p. 
384,  1868  and  1879.] 

Description. — Shell  cylindrical,  somewhat  abruptly  conical 
at  the  apex,  in  some  specimens  tending  to  diminish  in  diam- 
eter in  the  later  turns  or  whorls  of  the  shell.  Whorls  nine  in 
adult  shells,  slighly  convex,  in  width  equal  to  half  the  diame- 
ter of  the  shell.  Suture  impressed.  Aperture  evenly  rounded, 
not  continuous  above,  rather  longer  than  broad,  destitute  of 
teeth  ;  peristome  slightly  reflected  and  smooth.  Surface  shin- 
ing, marked  with  longitudinal  smooth  ridges,  separated  by 
^MUseB  a  little  wider  than  the  ridges  ;  spaces  about  -^^^th  inch 
in  width.  Shell  calcareous,  thin,  prismatic  in  structure.  Young 
specimens  abruptly  conical  and  helicoid  in  form.  Nucleus 
round,  smooth,  the  first  turn  below  the  nucleus  marked  with 
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rows  of  little  pits  which  eradaally  pass  into  the  continiiolu 
striae.  The  last  whorl  of  the  adult  presents  irregular  lines  o{ 
growth,  instead  of  the  regular  microscopic  ribs  of  the.  middle 
turn&  Mature  ovum  membranous,  or  so  sliehtly  caloareoiu 
that  it  can  be  compressed  without  breaking :  tbe  embryo  shell 
sometimes  visible  within.  Length  of  adult  shell  rather  less 
than  1  centimeter,  breadth  in  middle  4  millimeters. 

Variety  teuuistriala, — Along  with  the  ordinary,  form  there 
are  others  of  similar  size  and  general  structure,  bat  with  the 
apex  less  obtuse  and  a  somewhat  greater  tendency  to  dimioiih 
in  diameter  in  the  later  whorls.  They  have  also  the  microaoopie 
ridges  in  the  shell  about  half  as  far  apart  as  thoee  of  the 
ordinary  form.  This  form  I  was  at  first  disposed  to  regard  an 
specifically  distinct,  but  there  seems  to  be  a  gradual  tranaitiOD 
from  one  to  the  other,  and  the  two  forms  seem  to  acoompany 
each  other  throughout  the  entire  range  of  the  species. 

State  of  preservation. — The  shells  are  usually  entire,  bat 
often  somewhat  flattened,  and  cracked  or  distorted  in  the  pro- 
cess. Many  fragments  of  shells,  however,  occur  with  the  entire 
specimens,  and  some  of  these  have  a  whitened  or  bleached 
appearance  like  that  of  modern  land  shells  after  having  beeo 
exposed  to  the  weather.  In  one  layer  I  found  impressions  of 
several  flattened  shells,  the  substance  of  the  shell  having  been 
altogether  removed.  Ordinarily  the  shell  remains  in  such  a 
state  as  to  show  its  structure,  and  the  more  perfect  Bpecimens 
found  in  the  erect  trees  have  a  grayish  brown  color,  like  that  of 
some  modern  Pupse. 

The  habitat  of  this  species  was  in  forests  of  the  Coal-forma- 
tion period,  composed  of  SigiUaria^  Oalamites,  Lepidophloias  s^nd 
Ferns.  The  only  known  locality  is  the  South  Joggins,  Nova 
Scotia.  At  this  place  the  shells  have  been  obtained  in  con- 
siderable numbers,  though  perfect  specimens  which  can  be  dis- 
engaged from  the  matrix,  are  comparativelv  few.  They  have 
been  found  in  erect  Sigillaruz  and  also  in  a  oed  of  shale.  The 
lowest  and  highest  beds  in  which  they  occur  are  separated  by 
2,000  feet  of  vertical  thickness  of  strata  including  no  less  than 
thirty-five  beds  of  coal  and  many  underclays  supporting  erect 
trees,  so  that  the  species  must  have  inhabited  this  locality  for 
a  very  long  time  and  must  have  survived  many  physical  viciasi- 
tudea 

The  first  specimen,  which  was  also  the  first  known  Paleozoic 
land  shell  was  found  by  Sir  Charles  Lyell  and  the  writer  in 
1861,  in  breaking  up  the  contents  of  an  erect  tree  holding 
reptilian  bones.  The  specimens  obtained  from  this  tree  having 
been  taken  by  Sir  Charles  to  Cambridge  and  submitted  to  the 
late  Prof.  Jenries  Wyman,  the  shell  in  question  was  recognised 
by  him  and  the  late  Dr.  Gould,  of  Boston,  as  a  land  shell.    It 
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Ig  I,  Aqxt  vetHfta  nu^ifled  S  UmeilineaUy;  3,  same,  Hhowing  the  kpwtnn, 
) ,  3,  unie,  nnolear  wborl,  x  25 ,  4,  g&me,  mature  e^  and  embryo  abell,  x  35. 
6,  Atpa  Big^i,  x8.  7,  Pupa  Vermaioaauit,  x8;  B,  same,  ahoiring  iper- 
e  V  8,  the  small  tooth  on  the  columella  somewhat  eiBj^gented ;  9,  same. 
tioD  of  Aperture,  showiog  tooth  x  IB.  10,  Zoaiia  priieut,  xS;  11,  mum, 
lahed  qieamen,  ihowiiig  aperture  x  20. 
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was  subsequently  examined  by  M.  Deshayes  and  Mr.  Gwyn 
Jeffries,  who  concurred  in  this  determination  ;  and  its  micro- 
scopic structure  was  described  by  the  late  Prof.  Qaekett,  of 
London,  as  similar  to  that  of  modern  land  shells.  The  single 
specimen  obtained  on  this  occasion  was  somewhat  crashed  and 
did  not  show  the  aperture.  Hence  the  hesitation  as  to  its 
nature,  and  the  delay  in  naming  it,  though  it  was  figured 
and  described  in  the  paper  above  cited  in  1852.  Better  speci- 
mens showing  the  aperture  were  afterward  obtained  by  the 
writer,  and  it  was  named  and  described  by  him  in  his  "  Air- 
breathers  of  the  Coal  Period,"  in  1863.  Prot  Owen,  in  bis 
*  Palaeontology,'  subsequently  proposed  the  generic  name  Denr 
dropupcL  This  I  have  hesitated  to  accept,  as  expressing  a 
generic  distinction  not  warranted  by  the  facts;  but  should 
the  shell  be  considered  to  require  a  generic  or  sub-generic  dis- 
tinction, Owen's  name  should  be  adopted  for  it.  There  seems, 
however,  nothing  to  prevent  it  from  being  placed  in  one  of  the 
modern  sub-genera  oi  simple-lipped  Pupae.  With  regard  to  the 
form  of  its  aperture,  I  may  explain  that  some  currency  has 
been  given  to  an  incorrect  representation  of  it,  through  an  un- 
fortunate accident  In  the  case  of  delicate  shells  Tike  this, 
imbedded  in  a  hard  matrix,  it  is  of  course  difficult  to  work  oat 
the  aperture  perfectly;  and  in  my  published  figure  in  the  "Air- 
breathers,"  I  had  to  restore  somewhat  the  broken  specimens 
in  my  possession.  This  restoration,  specimens  subsequently 
found  have  shown  to  be  very  exact.  Nevertheless  it  was 
criticised  by  some  Endish  conchologists,  and  when  Sir  Charles 
Lyell  was  about  to  publish  his  Student's  Manual,  he  asked  me 
to.  give  him  one  of  my  best  specimens  to  be  figured.  This  I 
sent  with  micro-photographs  of  others.  It  seems,  however, 
that  the  artist  or  engraver  mistook  the  form  of  the  aperture 
and  gave  it  an  entirely  unnatural  appearance  in  the  Student's 
Manual.  That  now  given  is  taken  from  a  photograph  of  the 
most  perfect  and  least  compressd  specimen  in  my  possession. 

As  already  stated,  this  shell  seems  closely  allied  to  some 
modern  Pupse.  Perhaps  the  modern  species  which  approaches 
most  nearly  to  it  in  form,  markings  and  size,  is  Macrocheilm 
Oossei  from  the  West  Indies,  specimens  of  which  were  sent  to 
me  some  years  ago  by  Mr.  Bland,  of  New  York,  with  the  re- 
mark that  they  must  be  very  near  to  my  Carboniferous  species. 
Such  edentulous  species  as  Pupa  {Leucochila)  foUlax  of  East- 
ern America  very  closely  resemble  it ;  and  it  was  regarded  by 
the  late  Dr.  Carpenter  as  probably  a  near  ally  of  those  species 
which  are  placed  by  some  European  conchologists  in  the  genus 
Pupilh. 

The  lowest  bed  in  which  Pupa  veiusta  occurs  belongs  to 
group  VIII  of  Division  4  of  ray  section  of  the  South  Joggins, 
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md  is  between  Coal  87  and  Coal  88  of  Logan's  section,  being 
ibout  42  feet  below  Coal  37.  The  next  horizon,  and  that  in 
which  the  shell  was  first  discovered,  is  1217  feet  of  vertical 
thickness  higher,  in  group  XV  of  Division  4  of  my  section. 
The  shells  occur  here  in  erect  Sigillarice,  standing  on  Coal  15 
of  Logan's  section.  The  third  horizon  is  in  group  XXVI  of 
Division  4,  about  800  feet  higher  than  the  last.  Here  also  the 
shells  occurred  in  an  erect  Sigillaria, 

In  the  lowest  of  these  three  horizons,  the  shells  are  found, 
as  already  stated,  in  a  thin  bed  of  concretionary  clay  of  dark 
mj  color,  though  associated  with  reddish  beds.  It  contains 
ZonUes  priscus  as  well,  though  this  is  very  rare,  and  there  are 
EL  few  valves  of  Cylhera  a.nd  shells  of  Naiadites  as  well  as  carbon- 
iceous  fragments,  fronds  of  ferns,  Trtgonocarpa,  etc.  The  Pupoe 
ire  mostly  adult,  but  many  very  young  shells  also  occur,  as  well 
IS  fragments  of  broken  shells.  The  bed  is  evidently  a  layer  of 
nad  deposited  in  a  pond  or  creek,  or  at  the  mouth  of  a  small 
(tream.  In  modern  swamps,  multitudes  of  fresh-water  shells 
>ccur  in  such  places,  and  it  is  remarkable  that  in  this  case  the 
>nly  gasteropods  are  land  shells,  and  these  very  plentiful, 
though  only  in  one  bed  about  an  inch  in  thickness.  This 
i70uld  seem  to  imply  an  absence  of  fresh-water  Pulmonifera. 
fn  the  erect  SigiUarice  of  group  XV,  the  shells  occur  either  in 
i  sandy  matrix,  more  or  less  darkened  with  vegetable  matter, 
3r  in  a  carbonaceous  mass  composed  mainly  of  vegetable  debris. 
Except  when  crushed  or  flattened,  the  shells  in  these  reposito- 
ries are  usually  filled  with  brownish  calcite.  From  this  I  infer 
that  most  of  them  were  alive  when  imbedded,  or  at  least  that 
they  contained  the  bodies  of  the  animals ;  and  it  is  not  improba- 
ble that  they  sheltered  themselves  in  the  hollow  trees,  as  is  the 
habit  of  many  similar  animals  in  modern  forests.  Their  resi- 
dence in  these  trees  as  well  as  the  characters  of  their  embry- 
ology are  illustrated  by  the  occurrence  of  their  mature  ova. 
They  may  also  have  formed  part  of  the  food  of  the  reptilian 
animals  whose  remains  occur  with  them.  In  illustration  of  this 
I  have  elsewhere  stated  that  I  have  found  as  many  as  eleven 
aobroken  shells  of  Physa  heterostropha  in  the  stomach  of  a 
modem  A/enohranchvs,  I  think  it  certain,  however,  that  both 
the  shells  and  the  reptiles  occurring  in  these  trees  must  have 
been  strictly  terrestrial  in  their  habits,  as  they  could  not  have 
found  admission  to  the  erect  trees  unless  the  ground  had  been 
saificiently  dry  to  allow  several  feet  of  the  imbedded  hollow 
tiranks  to  be  free  from  water.  In  the  highest  of  the  three 
horizons  the  shells  occurred  in  an  erect  tree,  but  without  any 
other  fossils,  and  they  had  apparently  been  washed  in  along 
with  a  grayish  mud.* 

*  The  disooTerj  of  the  shells  in  this  tree  was  made  by  Albert  I.  EKll,  O.E. 


410  J,  W,  Dawson — Paleozoic  Land  Snails. 

2.  Pupa  Bigshii  s.  n.     (Figfl.  6  and  6.) 

Description, — Shell  half  the  size  of  Pupa  veiusta^  or  between 
three  and  four  millimeters  in  length  and  one  and  fire-tenths 
millimeters  in  breadth.  Form,  long  conical.  Body  whorl  about 
one-third  of  the  entire  length,  giving  the  shell  a  somewhat 
bulimoid  form.  Whorls  five  in  the  largest  specimens  found, 
tumid,  suture  much  impressed.  Surface  smooth.  Aperture 
apparently  oval  in  form,  but  not  perfectly  known,  as  the  body 
whorl  is  crushed  in  all  the  specimens. 

A  few  specimens,  none  of  them  quite  perfect,  were  foand  in 
the  erect  trees  of  group  XV  at  the  Joggins,  along  with  Pupa 
veiusla.  They  differ  from  that  species  in  smaller  size,  different 
form  and  absence  of  sculpture.  The  specimens  do  not  show 
whether  the  aperture  was  toothed  or  simple,  but  it  was  proba- 
bly the  latter,  as  the  lip  is  evidently  very  thin  and  delicate 
From  its  foi-m  it  is  probable  that  it  belongs  to  a  different  sob- 
genus  from  P.  vetusta.  It  is  very  much  more  rare  than  that 
species  in  the  erect  trees,  and  has  not  been  found  elsewhere. 

I  dedicate  it  to  my  venerable  and  dear  friend  Dr.  Bigsbj, 
F.R.S.,  of  London,  a  pioneer  in  American  geology,  and  still  an 
indefatigable  worker  in  the  science. 

8.  Pupa  Vermilionensis  Bradley.     (Figs.  8  and  9,  and  lie.) 

[Bradley  in  Report  of  Geological  Siurej  of  Illioois,  yoL  iy,  p.  254.  Id.  in  Am. 
Joum.  Sci.,  Ill,  vol.  iv,  p.  87.] 

Description* — Shell  spindle-shaped,  tapering  to  an  obtuse 
apex,  covered  with  microscopic  ridges  (26  to  SO  in  a  millime- 
ter) parallel  to  the  lines  of  growth.  Aperture  oblique,  oval. 
Outer  lip  thin,  slightly  reflexed.  Columella  lip  reflexed,  thick- 
ened ;  furnished  with  a  single  central  curved  tooth,  projecting 
nearly  half  way  across  the  apertura  Junction  of  oolumelli 
and  outer  lip  somewhat  angular  and  dentiform.  In  old  indi- 
viduals the  columella  tooth  is  often  continuous  through  an 
entire  turn  or  farther.  It  is  not  seen  on  shells  having  less  than 
three  turns.  The  last  turn  forms  nearly  half  the  length  of  the 
shell.  Whorls  rounded.  Suture  impressed.  Surface  glossy. 
Color  black  or  gray.  Length  three  and  six-tenths  millimetei& 
Width  two  millimeters.  Some  individuals  are  smooth  or  desti- 
tute of  the  fine  microscopic  ridges,  but  whether  this  is  a  natuial 
peculiarity  or  a  result  ot  injury  to  the  outer  surface,  is  not  oa- 
tain. 

As  compared  with  Pupa  vetusta  this  shell  is  less  than  half 
the  size,  ot  a  less  cylindrical  form,  its  whorls  more  rounded, 
and  its  body  whorl  much  larger  in  proportion.  Its  sculpture 
is  much  finer.     The  conspicuous  tooth  in  the  aperture  is  of 

*  Slightly  modified  fh>in  Bradley. 
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irse  also  a  strong  mark  of  distinction.  The  shell  is  thin,  and 
m  its  black  color  and  failure  to  show  structure  under  the 
^roscope,  I  infer  that  it  must  have  been  of  a  homy  or  cor- 
»us  texture,  with  little  calcareous  matter.  The  matrix  is 
iit  colored  and  concretionary,  and  somewhat  hard  and  cal- 
eous. 

AlS  compared  with  modern  American  species,  P.  Vermiliofi' 
is  is  very  near  to  several  of  the  smaller  forms  with  teeth  in 
!  aperture.  In  its  form  and  aperture  it  approaches  closely 
P.  {Leucochila)  corticaria  of  Say,  or  to  the  immature  shell 
P.  rupicola.  It  has  also  some  resemblance  to  the  western 
cies  P.  hordeacea  Gabb,  from  Arizona. 
Phis  shell  was  discovered  by  the  late  Mr.  F.  H.  Bradley  in 
59,  in  concretionary  limestone  accompanying  the  underclay 
Goal  No.  6,  Wabash  Valley  Section,  at  Felly's  Fort,  Vermil- 
Biver,  Illinois.  In  the  first  notice,  which  appeared  in  the 
port  of  the  Geological  Survey  of  Illinois,  it  was  referred  to 
pa  vetusia^  but  was  subsequently  described  by  Mr.  Bradley 
the  American  Journal  of  Science,  under  the  name  above 
3d. 

[  am  indebted  for  specimens  of  this  shell  to  Mr.  John  CoUett, 
l^he  Geological  Survey  of  Indiana,  and  also  to  Mr.  W.  Gurley, 
Danville,  Illinoia 

Unites  ( Conulua)  priscus  Carpenter.   (Figs.  10  and  1 1,  and  14dL) 

^uarterlj  Journal  of  Geological  Society  of  London,  Nov.  1867.    Acadian  G^l- 
2d  edition,  1868,  p.  386.] 

Description* — Shell  small,  helicoid.  Length  two  and  five- 
tbs  millimeters,  width  two  and  eight-tenths  millimeters. 
ire  little  elevated.  Nucleus  small.  Whorls  four,  somewhat 
;tened,  with  the  suture  little  impressed.  Base  somewhat 
^vated  with  large  umbilicus.  Aperture  oblique,  suboval, 
aewhat  regularly  rounded.  Lip  simple.  Surface  marked 
.b  uneven  striae  and  somewhat  more  conspicuous  ridges  of 
>wth.  Angle  of  divergence  about  180^  Shell  thin  and 
»bably  horn  v. 

This  little  snell  was  discovered  in  1866,  in  the  bed  already 
srred  to  as  the  lowest  of  those  at  the  South  Joggins  in  which 
pa  vetusta  has  been  found.  Shortly  after  I  had  discovered 
3  bed,  being  impressed  with  the  probability  that  it  might 
d  other  remains  of  land  animals  beside  the  Pupa,  I  had 
le  excavations  made  in  it,  and  a  considerable  quantity  of 
terial  taken  out  I  found,  however,  that  the  thin  layer 
itaining  the  land  shells  was  not  continuous  but  in  limited 
ches,  and  was  rewarded  only  by  the  discovery  of  a  few 

*  Slightly  modified  from  Carpenter. 
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specimens  of  Zonites  priscus  and  a  small  and  not  detenninable 
fragment  of  booe,  in  addition  to  specimens  of  Pupa  vetutta. 

The  specimens  found  at  this  time  were  anbmitted  to  the  late 
Dr.  P.  P.  Carpenter,  by  whom  the  species  was  named  and 
described.  One  or  two  crushed  specimens  have  been  subse- 
quently found  in  the  erect  trees  holding  Pupa  vtlusta  in  group 
XY,  but  the  species  is  extremely  rare  in  comparison.  This  may 
however  have  depended  on  some  difference  in  habitat  or  mode 
of  life,  rendering  it  less  likely  to  be  imbedded  in  the  depositi 
in  process  of  formation.  It  is  also  to  be  observed  that  the 
shell  is  much  more  delicate  than  that  of  Pupa  veiuata,  and 
therefore  less  likely  to  be  preserved. 


Fig.  12,  DawtoneSa  Medci.  xS;  13,  same,  Mction  of  spertnre,  xl6;  lb 
outer  edge  of  the  lamella  iB  imperfect  14,  U&rkiDgs  of  surface  xIOO:  {a)  F^ 
vttaita;  (A)  F^tpa  vttiata  rar.  tenuUtriata;  (e)  Fnpa  Vermilioitam* ;  (^  ZmM 
priseui ;  15,  Sirophila  grandaiia,  natural  size  and  msguifled  8  diametua. 

With  regard  to  its  affinities,  it  was  compared  by  Dr.  Cflipen- 
ter  with  the  African  species  Paryphanta  Caffra  Fer.,  "on  an 
extremely  small  scale."  Dr.  Carpenter  also  compared  it  with 
Bygromia,  and  stated  that  it  iiiight  well  be  ranked  under  An- 
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alina  of  Morse,  with  the  living  species  minu$cula  and  exigua. 

bought  it  best,  however,  to  place  it  in  the  subgenus  Convius 

be  genus  2!onite8,  as  defined  by  Messrs.  Adams.     With 

rd  to  the  subgeneric  name,  Dr.  Carpenter  explained  tbat 

subgenus  Gonulus  of  Fitz,  1888,  appears  to  be  synonymous 

Trochisciis  Held,  1887  (non  Sby.) ;  also  with  Peiasia  Beck, 

^ ;  and  with  Perforatella  Schltitt ;  and  according  to  Adams 

subgenus  of  Zonites  Montf.  (non  Leach,  Gray).      Those 

do  not  care  to  enter  into  these  subgeneric  distinctions, 

designate  the  species  as  a  Zonites^  or  even,  speaking  loosely. 

Helix,     There  seems  nothing  in  its  characters  to  separate 

lore  than  specifically,  from  many  of  our  smaller  helicoid 

Is  with  thin  shells  and  simple  aperture. 

5.  DawsoneUa  Meeki  Bradley.     (Figs.  12  and  18.) 

)port  of  Geological  Survey  of  Illinois,  yoL  iv,  p.  254.  Am.  Jouzil  of  8cL|  m, 
v,.p.  88.    Ibid,  vol  vii,  p.  167.] 

teacnjprion.* — Shell  broad,  depressed,  helicoid.  Spire  ob- 
,  consisting  of  three  to  three  and  one-lialf  turns.  Length 
e  and  two-tenths  millimeters,  width  four  millimeters.  Sur- 
smooth,  but  with  fine  microscopic  lines  of  growth,  about 
en  in  a  millimeter.  Aperture  oblique,  oval,  greatly  con- 
bed  by  a  broad  lamellar  expansion  of  the  columella,  extend- 
more  than  half  way  across,  even  in  small  individuals, 
er  lip  thickened,  slightly  refiexed.  Suture  little  impressed, 
erforate,  but  last  turn  slightly  excavated  in  the  umbilical 
Dn.  The  shell  is  usually  black  in  color,  and  under  the 
roscope  shows  no  distinct  structure,  from  which  it  may  be 
rred  that  it  was  corneous  in  texture.  It  is  thicker  than  the 
1  of  Zonites  priscus, 

his  species  is  found  along  with  Pupa  Vermilionensis)  and  was 
overed  by  Bradley,  who  was,  however,  at  first  dis{>osed  to 
r  it  to  genus  Anomphalus  of  Meek ;  but  subsequentlv,  and 
I  good  reason,  regarded  it  as  distinct  and  as  a  land  shell, 
jize  and  general  form  it  resembles  Zonites  prisciis,  though 
ending  less  rapidly  and  with  rounder  whorls ;  but  it  is  at 
3  distinguished  by  its  want  of  the  somewhat  coarse  sculpt- 
of  that  species,  and  by  the  plate  which  partially  covers  its 
•ture.  Its  nearest  modern  allies  in  eastern  America  would 
Q  to  be  such  shells  as  Helix  {Triodopsis)  palliata^  and  H, 
notremd)  monodon. 

or  specimens  of  this  shell  I  am  indebted  to  the  persons 
/e  named  as  having  furnished  specimens  of  Papa  Vermil- 
nsis. 

6.  Strophites  grandcevay  s.  n.     (Fig.  16.) 

^cription. — Shell  cylindrical,  with  obtuse  apex.  Whorls 
•  or  more.     Surface  covered   with   sharp  vertical  ridges, 

*  Modified  from  Bradley. 
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separated  by  spaces  three  times  as  wide.  The  body  whorl 
about  4  millimeters  in  diameter,  with  about  thirteen  vertical 
ridges  visible  on  one  side.  Length  of  a  specimen  probably  not 
quite  perfect,  about  8  millimeters.  The  shell,  which  has  dis- 
appeared, must  have  been  very  thin,  and  the  surface  remaining 
is  smooth  and  shining.  In  general  form,  so  far  as  can  be  a8oe^ 
tained  from  a  very  imperfect  specimen,  this  shell  must  have 
closely  resembled  the  modern  Pup»  of  the  genus  Sirophia  of 
Albers. 

The  only  specimen  known  is  from  the  Erian  (Devonian) 
plant-beds  of  St  John,  New  Brunswick,  which,  besides  afford- 
in^  great  numbers  of  remains  of  land  plants,  have  produced  iht 
only  Erian  insects  as  yet  known.  It  was  sent  to  me  by  Mr.  6. 
F.  Matthew,  of  St.  John,  along  with  specimens  of  fossil  plants, 
several  years  ago,  but  I  hesitated  to  describe  it,  waiting  in  hope 
of  additional  specimens.  As  these  have  not  occurred,  and 
I  have  now  carefully  examined  the  whole  of  the  material  from 
these  beds  to  which  I  have  been  able  to  obtain  access,  I  ventaro 
to  name  it  as  probably  the  oldest  known  land  shell,  the  beds  in 
which  it  is  found  being  either  middle  or  upper  Erian. 

If  a  land  snail,  it  is  larger  in  size  and  probably  of  higher  type 
than  any  of  those  known  from  the  Coal-formation.  This  would 
not  be  wonderful,  when  we  consider  the  greater  variety  of  sur- 
face and  the  high  character  of  the  vegetation,  which,  as  I  have 
elsewhere  endeavored  to  show,  distinguished  the  later  Erian 
age  in  Northeastern  America. 

Concluding  Remarks. 

It  may  be  proper  to  mention  here  the  alleged  Pulmonifera  of 
the  genus  Palceorbis  described  by  some  Oerman  naturalista 
These  T  believe  to  be  worm-tubes  of  the  genus  Spirorbis^  and  in 
fact  to  be  nothing  else  than  the  common  &  carbonariits  or  & 
vusillus  of  the  Coal-formation.  The  history  of  this  error  maj 
DC  stated  thus.  The  eminent  paleobotanists  Germar,  Gceppert 
and  Geinitz  have  referred  the  Spirorbis,  so  common  in  the  Goal- 
measures  to  the  fungi,  under  the  name  OyromyceSj  and  in  this 
they  have  been  followed  by  other  naturalists,  though  as  long 
ago  as  1868  I  had  shown  that  this  little  organism  is  not  only 
a  calcareous  shell,  attached  by  one  side  to  vegetable  matters 
and  shells  of  mollusks,  but  that  it  has  the  microscopic  structure 
characteristic  of  modern  shells  of  this  type.*  More  recently 
Van  Beneden,  Caenius  and  Qoldenberg,  perceiving  that  tfaie 
fossil  is  really  a  calcareous  shell,  but  apparently  unaware  of  the 
observations  made  in  this  country  by  myself  and  Mr.  LesQue- 
reux,  have  held  the  Spirorhis  to  be  a  pulmonate  mollusk  allied 
to   PlanorbiSj  and  have  supposed   that  its  presence  on  fossfl 

*  Acadian  G oology,  2d  edition,  p.  206. 
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plants  is  coDfirmatory  of  this  view,  though  the  shells  are 
attached  by  a  flattened  side  to  these  plants,  and  are  also 
found  attached  to  shells  of  bivalves  of  the  genus  NaiadiUs.  Mr. 
&  Etheridge,  Jr.,  of  the  Geological  Survey  of  Oreat  Britain, 
has  recently  summed  up  the  evidence  as  to  the  true  nature  of 
these  shells,  and  hascevised  and  added  to  the  species,  in  a  series 
of  articles  in  the  Geological  Magazine  of  London,  vol.  viiL 

If  we  exclude  the  alleged  Paloeorbis  above  referred  to,  all  the 
Paleozoic  Pulmonifera  hitherto  found  are  American.  Since, 
however,  in  the  Carboniferous  age,  Batrachians,  Arachnidans, 
Insects  and  Millipedes  occur  on  both  continents,  it  is  not  un- 
likely that  ere  long  European  species  of  land  snails  will  be 
announced.  The  species  hitherto  found  in  Eastern  America, 
are  in  every  way  strangely  isolated.  In  the  plant-beds  of  St 
John,  about  9,000  feet  m  thickness,  and  in  the  Coal- formation 
of  the  South  Joggins,  more  than  7,000  feet  in  thickness,  no 
other  Gasteropods  occur,  nor,  I  believe,  do  any  occur  in  the  beds 
holding  laud  snails  in  Illinois.  Nor,  as  already  stated,  are  any 
of  the  aquatic  Pulmonifera  known  in  the  Paleozoic.  Thus, 
in  so  far  as  at  present  known,  these  Paleozoic  snails  are  sepa- 
rated not  only  from  any  predecessors,  if  there  were  any,  or 
saccessors,  but  from  any  contemporary  animals  allied  to  tnem. 

It  is  probable  that  the  land  snails  of  the  Erian  and  Carbonif- 
eroas  were  neither  numerous  nor  important  members  of  the 
&an»  of  those  periods.  Had  other  species  existed  in  any 
considerable  numbers,  there  is  no  reason  why  they  should  not 
have  been  found  in  the  erect  trees,  or  in  those  shales  which 
contain  land  planta  More  especially  would  the  discovery  of 
any  larger  species,  had  they  existed,  been  likel^r  to  have 
occurrea  Further,  what  we  know  of  the  vegetation  of  the 
Paleozoic  Period  would  lead  us  to  infer  that  it  did  not  abound 
in  those  succulent  and  nutritious  leaves  and  fruits  which  are 
most  congenial  to  land  snails.  It  is  to  be  observed,  however, 
that  we  know  little  as  yet  of  the  upland  life  of  the  Erian  or 
CSarboniferous.  The  animal  life  of  the  drier  parts  of  the  low 
ooantry  is  indeed  as  yet  very  little  known  ;  and  but  for  the 
revebttions  in  this  respect  of  the  erect  trees  in  one  bed  in  the 
Coal-formation  of  Nova  Scotia,  our  knowledge  of  the  land 
maila  and  Millipedes,  and  also  of  an  eminently  terrestrial  group 
of  reptiles,  the  Microsauria^  would  have  been  much  more  im- 
perfect than  it  i&  We  may  hope  for  still  further  revelations 
of  this  kind,  and  in  the  meantime,  it  would  be  premature  to 
q[>ecolate  as  to  the  affinities  of  our  little  group  of  land  snails 
with  animals  either  their  contemporaries  or  belonging  to  earlier 
or  later  formations,  except  to  note  the  fact  of  the  little  change 
of  form  or  structure  in  this  type  of  life  in  that  vast  interval  of 
time  which  separates  the  Erian  Period  from  the  present  day. 
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Art.  XLIII. — Extension  of  the  Carboniferous  Formation  in  Massa- 
chusetts ;^  by  W.  O.  Crosby  and  G.  H.  Barton.  (Con- 
tributions from  the  Geological  Department  of  the  Maasacho- 
setts  Institute  of  Technology  :  No.  I.) 

The  Carboniferous  strata  of  Massachusetts  and  Rhode  Island 
are  all  found  within  the  limits  of  what  is  known  as  the  Nana- 
gansett  basin  ;  the  well-marked  geological  basin  holding  Boston 
and  its  environs  being,  in  our  opinion,  entirely  filled  with  rocks 
of  Primordial  age.  The  northern  and  western  boundaries  of 
the  Narra^ansett  basin  have  about  the  latitude  and  longitude, 
respectively,  of  the  northeast  corner  of  Rhode  Island,  tending 
to  form  a  right  angle  at  this  point.  But  the  angle  is  notclosei^ 
for  the  basin  gives  oflfa  long,  narrow  branch  or  arm  here  whicb 
sweeps  first  in  a  northeasterly  and  then  in  an  easterly  direction 
to  Brain  tree  in  Massachusetts,  where,  at  a  distance  of  more 
than  twenty-five  miles  from  its  origin,  it  nearly,  but  probably 
not  quite,  connects  with  the  Boston  basin.  TDhe  nearest  out- 
crops in  the  two  basins  are  about  two  miles  apart,  are  entirely 
dissimilar  lithologically,  and  are  certainly  widely  separated  in 
time.  The  intervening  ground  is  a  thick  deposit  of  drift,  and, 
although  its  contours  are  not  unfavorable  to  the  theory  that 
the  basins  communicate,  yet  it  is  probably  underlaid  by  gran- 
ite, which  is  the  predominant  unaerlying  rock  of  all  this  re- 
gion. This  elongated  arm  of  the  Narragansett  basin  lies  wholly 
within  the  limits  of  Norfolk  County;  and,  hence,  it  has  ^^ 
ceived  the  local  designation  of  the  Norfolk  County  basin.  Its 
breadth  varies  from  a  small  fraction  of  a  mile  to  two  and  one- 
third  miles ;  and  it  is  widest  in  the  middle  part,  being  very 
much  contracted  toward  each  end. 

President  Hitchcock  long  ago  established  the  Carboniferoua 
age  of  the  coal-bearing  strata  of  the  Narragansett  basin. 
Tnese  are  well  developed  on  the  island  of  Aquidneck,  and 
also  form  a  broad,  semi-circular  belt  reaching  from  Warwick 
and  Providence  northerly  by  Valley  Falls  to  Wrentham  in 
Massachusetts,  and  thence  easterly  through  Attleboro  and 
Mansfield  into  Bridgewater. 

South  and  east  of  this  band  of  undisputed  coal-measures  is 

*  Tbis  communication  is  an  abstract  embodying  the  more  important  remits  of 
an  extended  paper,  illustrated  with  maps  and  sections,  on  the  *' Geology  of  Ai 
Norfolk  County  basin  in  Massachusetts."  The  original  essay  represents  nearif 
four  months  of  field  and  laboratory  work,  performed  chiefly  by  Mr.  BercoiiT  and 
formed  his  thesis  for  graduation  in  the  Class  of  1880  of  the  Maflsacfau^etts  Iisli- 
tute  of  Technology.  Wo  wish  to  acknowledge  our  great  obligations  to  Profesaor 
W.  H.  Niles  for  material  Bssistancc  rendered  in  many  ways,  and  also  to  Hon. 
John  Cummings  and  President  W.  T.  Hart  of  the  New  Yoric  and  New  Bng^ad 
Railroad  f<jr  free  transportation  while  engaged  upon  the  field-work. 


OrofJ>y  and  Barton — Carboniferous  in  Afassachttsetts.     417 

a  wide  area  of  conglomerate,  extending  to  the  limits  of  the 
basin.  This  great  development  of  conglomerate  was  regarded 
by  Hitchcock  as  underlying  the  coal  strata,  and  as  probably  of 
Silurian  age.  While  the  stratified  rocks  lying  to  the  northwest 
of  the  anthracite  belt,  and  composing  the  attenuated  Norfolk 
County  basin,  were  finally  referred  provisionally  by  this  dis- 
tinguished geologist,  and  mainly  upon  lithological  grounds,  to 
the  Devonian  system,  and  Sir  Charles  Lyell,  in  a  paper  on  the 
Worcester  Anthracite,*  appears  to  concur  in  this  conclusion. 

Of  the  former,  if  not  the  oresent,  existence  of  Cambrian 
(Lower  Silurian)  strata  in  the  Narragansett  basin  there  can  be 
but  little  doubt,  since  pebbles  holding  Primordial  fossils — Sco- 
lithus  and  Lingula — ^are  of  common  occurrence  in  the  conglom- 
erate at  Newport,  Fall  Biver  and  Taunton ;  and  yet  this  great 
conglomerate  itself  is  now  generally  and,  as  we  think,  justly 
r^^rded  as  essentially  a  part  of  the  Carboniferous  series.  That 
all  previous  determinations  of  the  age  of  the  Norfolk  County 
beds  have  rested  on  insufficient  evidence  is  obvious;  and  to 
improve  this  state  of  things  was  one  of  the  principal  objects  of 
oar  investigation.  A  variety  of  opiuions  has  been  held  con- 
oeming  the  horizon  of  this  belt,  it  having  been  referred  by  dif- 
ferent observers  to  the  Primordial,  Devonian,  Carboniferous 
and  Triassic  systems.  Almost  the  only  argument  for  either  the 
Devonian  or  Triassic  age  of  these  sediments  is  that  derived 
from  their  color,  red  sandstones  and  shales  occupying  a  promi- 
nent position  in  the  basin  ;  and  the  principal  evidence  oi  their 
Primordial  age  seems  to  be  their  proximity  to  the  Boston  basin, 
in  Braintree ;  but,  as  already  stated,  the  evidence  is  against  the 
communication  of  the  two  basins  in  either  past  or  present 
time.  The  Norfolk  County  beds  are  extensively  folded,  show- 
ing at  most  points  high,  and  often  vertical,  dips  ;  but  in  this  re- 
spectthey  are  as  little  contrasted  with  the  Carboniferous  on  the 
one  hand  as  with  the  Primordial  on  the  other.  In  the  almost 
complete  absence  of  eruptive  rocks  among  the  beds  in  ques- 
tion, however,  we  find  a  sharp  distinction  between  them  and  all 
the  Primordial  of  Eastern  Massachusetts. 

We  entered  upon  our  work  with  a  prepossession  in  favor  of 
the  Devonian  age  of  the  belt ;  but  almost  at  the  outset  we  were 
struck  by  the  strong  resemblance  which  it  presented  both 
lithological ly  and  stratigraphically  to  the  Carboniferous  on  the 
soath.  The  Carboniferous  of  the  main  Narragansett  basin,  so 
&r  as  we  have  been  able  to  learn  from  oar  own  observations, 
and  from  those  of  Hitchcock,  consists  essentially,  beginning  at 
the  base,  of  the  following  groups  of  rocks : 

(1.)  A  great  thickness  of  conglomerate,  which,  at  the  bottom, 
is  sometimes  extremely  coarse  and  irregular,  holding  bowlders 

*  Jour.  GeoL  Soc  Londoiii  yoL  i. 
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a  yard  or  more  in  diameter,  thoagh  the  great  mass  of  the  rock 
is  composed  of  pebbles  not  exceeding  three  inches  in  diameter. 
The  higher  portions,  especially,  include  considerable  sandstone, 
mostly  in  thin  and  irregular  beda  All  the  crystalline  rocks  of 
the  region  are  represented  amona  the  pebbles  of  the  conglomer- 
ate, though  granite,  quartz  and  quartzite  predominate.  The 
paste  is  sometimes  ferruginous,  giving  the  red  conglomerate  de- 
scribed by  Hitchcock. 

(2.)  The  conglomerate  gives  wav  upward  to  red  and  ffray  or 
green  sandstones  which  have  in  the  aggregate  a  considerable 
thickness,  certainlv  not  less  than  six  hundred  feet  The  differ- 
ently colored  sandstones  do  not  appear  to  be  always  sharply 
separated  stratigraphically,  but  it  seems  probable  that  in  some 
cases  the  same  horizon  is  represented  by  red  sandstone  at  one 
point  and  ^reen  at  another.  Yet  we  are  of  the  opinion  that  the 
red  color  is  chiefly  characteristic  of  the  lower  oeds.  Pebbly 
layers,  and  even  considerable  beds  of  conglomerate,  sometimes 
appear  in  the  sandstone ;  and  these  are  much  more  abundant  in 
some  localities  than  in  others.  Both  the  red  and  the  green 
sandstones  frequently  pass  into  true  slates  and  shales ;  and  in 
the  red  shales,  especially,  the  ferruginous  character  is  often 
very  strongly  marked. 

(8.)  Above  the  sandstone  series,  and  forming  the  summit  of 
the  formation,  come  the  true  coal-measures,  which,  as  well  de- 
scribed by  Hitchcock,  consist  very  largely  of  a  black,  highly 
carbonaceous  slate,  but  also  include  a  large  amount  of  green 
sandstone  and  shales,  with  comparatively  little  red  rock.  Con- 
glomerate is  rare  in  this  series,  though  not  entirely  wanting. 

Now,  the  important  point  to  be  made  here  is,  that  the  first 
and  second  series  described  above  agree  perfectly  in  both  com- 
position and  seauence  with  the  rocks  oi  the  Norfolk  County 
oasin  ;  that  is,  the  Norfolk  County  beds  are  essentially  similar 
lithologically  and  stratigraphically  to  the  lower  Carboniferoos 
of  the  main  basin ;  but  we  find  in  the  smaller  basin  no  trace 
of  the  highly  carbonaceous,  plant-bearing  shales,  and  anthra- 
cite of  the  third  series. 

Furthermore,  we  have  been  able,  in  Wrentham,  to  trace  a 
direct  physical  connection  between  the  rocks  of  the  Norfolk 
County  belt,  and  the  conglomerate  and  sandstone  which 
underlie  the  coal-measures ;  so  that.,  even  in  the  absence  of 
paleontological  evidence,  it  seemed  reasonably  certain  that  the 
sediments  of  this  narrow  trough  were  the  stratigraphical 
equivalents  of  all  but  the  upper  series  of  the  Narragansett basin. 
But,  before  the  close  of  our  field-work,  we  were,  fortunately, 
able  to  clinch  the  proof  of  their  Carboniferous  age  by  the 
discovery,  near  the  middle  of  the  belt,  of  characteristic  Carbon- 
iferous fossils. 
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The  precise  locality  is  the  place  marked  on  the  map  as  Bock- 
dale,  in  the  southeastern  corner  of  the  town  of  Norfolk.  In  this 
neighborhood  there  are  many  large,  bold  ledges  of  conglomerate 
and  sandstone,  as  well  as  of  the  underlying  granite;  and  this 
is,  on  the  whole,  the  best  exposure  of  the  rocks  which  the  belt 
affords.  The  fossils  are  found  only  in  a  small-pebbled  or 
arenaceous  conglomerate  which  lies  near  the  top  of  the  first  or 
conglomerate  series  ;  and  their  occurrence  along  several  lines 
of  strike  has  assisted  us  in  arriving  at  a  knowledge  of  the  struc- 
ture of  the  r^ion,  the  beds  being  clearly  thrown  into  a  series 
of  closed  folda  The  fossils  seem  to  consist  wholly  of  the 
molds  of  Sigillaria,  though  many  of  them  are  so  imperfect 
that,  for  aught  that  we  could  determine,  they  might  be  Gala- 
mites  or  Lepidodendron.  The  coarse  texture  of  the  rock  has 
been  unfavorable  for  the  preservation  of  the  finer  and  more 
characteristic  features  of  the  bark.  Still,  in  several  cases, 
enough  remains  to  show  that  the  specimens  are  unquestiona- 
bly Sigillaria.  The  molds  are  all  considerably  flattened,  and 
the  flattening  corresponds  in  direction  with  the  imperfect  cleav- 
age of  the  rock.  They  are  of  various  sizes,  the  smallest  being 
one  or  two  inches  in  diameter,  while  the  largest  observed  was 
about  twenty  inches  by  six  inches  on  the  cross  section.  They 
are  usually  inclined  to  the  horizon,  and  the  extent  to  which 
the  arenaceous  material  formerly  filling  them  has  been  removed 
by  the  action  of  the  weather  is  remarkable,  some  of  the  holes 
so  formed  having  been  probed  to  a  depth  of  twenty  feet  or 
more.     About  thirty  molds  in  all  have  been  observed. 

Although  fossils  have  been  found  at  only  this  one  locality, 
yet  we  are  not  persuaded  but  that,  having  learned  what  kind 
of  impressions  are  to  be  looked  for,  close  observation  would 
discover  them  at  other  points.  Certainly,  there  is  nothing  pe- 
culiar in  the  character  of  the  rock  at  Rockdale ;  and  we  feel 
that  the  fossils  occurring  here,  taken  in  connection  with  the 
lithological  and  stratigraphical  evidence  already  referred  to, 
afford  ample  proof  of  the  equivalence  of  the  Norfolk  County 
series  and  the  conglomerate  and  sandstone  underlying  the  coal- 
measures  in  the  main  Narragansett  basin  ;  and  Hitchcock  and 
Lesquereux  have  already  satisfactorily  referred  these  lower 
Narragansett  beds  to  the  horizon  of  the  Millstone  Grit  It  is 
worthy  of  note,  too,  that  the  descriptions  given  by  Dawson  in  his 
"Acadian  Geology  "  of  the  Millstone  Grit  series  of  New  Bruns- 
wick and  Nova  Scotia  apply  very  closely  to  the  rocks  in  ques- 
tion ;  and  since  our  coarae  conglomerate  rests  immediately 
upon  the  crystallines,  it  is  apparent  that  Dawson's  Carbonifer- 
ous limestone  and  lower  coal-measures,  which  taken  together 
represent  the  Subcarboniferous  of  the  Appalachian  region,  are 
probably  entirely  wanting  in  Massachusetts  and  Rhode  Island. 
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We  have  observed  many  facts  pointing  to  the  conclasion  that 
the  Norfolk  County  beds  were  deposited  in  a  narrow,  elonga- 
ted basin,  similar  to  that  which  they  now  occupy,  that  is,  that 
the  present  borders  of  the  belt  coincide  approximately,  at  least, 
with  the  original  shore  lines,  and  that  any  narrowing  which 
the  belt  may  nave  experienced  is  due  mainly  to  folding  rather 
than  to  denudation. 

Along  the  existing  border  of  the  belt,  where,  of  course,  the 
lowest  beds  of  conglomerate  outcrop,  these  are  usually  mainlv, 
sometimes  entirely,  composed  of  pebbles  of  the  immediately 
adjacent  crystallines ;  and  where  the  conglomerate  rests  upon 
ffranite,  the  first-formed  beds  are  often  a  typical  arkose  which 
IS  distinguished  with  difficulty  from  the  parent  rock.  This 
relation  of  the  basal  conglomerate  to  the  crystallines  is  espe- 
cially noticeable  along  the  south  side  of  the  Blue  Hills,  in 
Quincy,  Milton  and  Dedhnm.  The  carboniferous  rocks  here,  as 
at  most  points,  form  low,  level  land,  and  for  six  miles  the  coo- 
glomerate  plain  meets  abruptly  the  steep  and  sometimes  al- 
most cliff-liKe  southern  slope  of  this  well-marked  range  of  hills, 
which,  on  this  side,  is  composed  of  fine-grained,  slightly  horn- 
blendic  granite,  and  a  variety  of  petrosilex  containing  crystal- 
line quartz  and  feldspar,  a  true  quartz-porphyry  or  elvanite. 
Now  we  find  that  the  conglomerate  skirting  the  base  of  the 
Blue  Hills  is  not  only  almost  entirely^  composed  of  the  d^ris 
of  these  two  varieties  of  rock,  but  it  is  also,  for  the  most  part, 
exceedingly  coarse,  holding  many  bowlders  from  one  to  four 
feet  in  diameter,  and  these  are  often  but  imperfectlv  rounded. 
It  is,  in  fact,  just  such  material  as  accumulates  on  the  adjacent 
coast  to-day,  where  the  sea  beats  against  clifis  of  granite  and 
petrosilex ;  and,  to  our  minds,  the  conclusion  is  irresistible 
that  the  Blue  Hills,  much  higher  then  than  now,  towered  cliff- 
like, above  the  Carboniferous  sea,  and  marked  then  as  now, 
the  northern  limit  of  the  deposits  of  that  age. 

From  the  conclusions  already  stated,  an  inference  of  some 

!)ractical  importance  may  be  drawn,  viz :  although  the  Nor- 
61k  County  basin  contains  only  beds  of  Carboniferous  a^e, 
yet  it  is  improbable  that  coal  will  ever  be^ discovered  within  its 
limits,  this  narrow  trough  havinjz  become  filled  with  sediments 
and  converted  into  dry  land,  before  the  deposition  of  the  true 
coal-measures  began,  and  this  later-formed  series  having  been 
always,  apparently,  restricted  to  a  comparatively  small  part  of 
the  main  or  Narragansett  basin. 
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Art.  XLIV. — Discovery  of  a  new  Planetoid,  and  observations  on 
Harluig's  Oomet;  by  Professor  0.  H.  R  PETEBa  Communi- 
cation to  the  editors,  dated  Litchfield  Observatory  of  Hamil- 
ton College,  Clinton,  N.  Y.,  October  18,  1880. 

A  BRIGHT  planetoid  was  discovered  on  Oct  10,  and  the  fol- 
lowing positions  have  been  obtained : 

No.  of 

1880.     Ham.  CoU.  m.  t    App.  a  (219).       App.  d  (219).       Log.  (p' A),    comp. 

Oct  10.       Ii^l8~12«       1»»27'»    9*-28       +9°    6'46'i      0*663  0*706       10 
Oct  11.       13   19    68        1    26     27*86        +8   62    19*6        0*342  0-699       10 

The  j:x)sition  of  Oct.  11  depends  upon  that  of  Dm.  -f  8^*252, 
a  star  of  S'^'S,  but  of  which  no  nccurate  determination  is  found. 
It  has  been  a.ssumed  for  1880*0: 

a=il^  29"  45»-0  +  c.         dzzz  +  S""  48'  20'  -f  e\ 

80  that  the  planet's  coordinates  will  receive  corresponding  cor- 
rections, when  the  star's  place  has  been  better  determined. 

The  magnitude  of  the  planet  was  estimated  at  O'^'S,  and  its 
relatively  great  nearness  to  the  earth  is,  besides,  concluded 
from  the  great  apparent  motion,  amounting  to  48*  and  16^  14'^ 
in  24  hours. 

I  append  such  of  my  observations  on  the  Comet  Hartwig,  as 
far  as  the  comparison  stars  have  been  determined. 

No.  of 

1880.  H.  0.  m.  t  a  6  Log.  (p.'A)  Comp.       Gomp.  star. 

Oct  8.  7  18  29  16  27  12*46  +27  16  49*3  0*842  0*646  6  W«.  16i>*664 

'*     8.  9  10  46   16  28  26*34  +27  11  64*7  0*862  0*767  6  a  CoronflB. 

*'     8.  7  33  23  16  30  6387  +22  40  67*3  0*803  0*661  10  W,.  le^  970  k  976 

"  10.  8  27  66  16  49  17-68  +20  66  17*1  0*830  0-704  7  W,.16>»1602 

In  Weiss's  Catalogue  the  right  ascension  of  IB'^'OTO  ought  to 
be  corrected  by  -f  10'. 

On  October  9,  when  the  moon  did  not  yet  interfere,  the  tail 
could  be  followed,  by  a  five-inch  seeker,  for  three  or  four  de- 
grees. The  nucleus,  though  not  quite  stellar,  shows  a  good 
concentration  for  accurate  pointing. 


Art.  XLV. — T/ie  Discovery  of  Oxide  of  Antimony  in  exten- 
sive lodes  in  Sonora,  Mexico;  by  E.  T.  Cox,  of  Tucson, 
Arizona  Temtory. 

[Bead  before  the  Boston  meeting  of  the  American  Association  for  the  Adyance- 

ment  of  Science,  August  27,  1880.] 

Up  to  the  present  time  the  antimony  of  commerce  has  been 
mostly  obtained  by  the  reduction  of  the  sulphide,  and  though 
this  ore  is  widely  distributed  over  the  globe,  it  is,  as  a  rule, 
associated  with  a  variety  of  mineral  substances  that  obstruct 
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reduction  and  add  to  the  cost  of  purifying  the  metal.  These 
sulphides  are  also  found  in  such  sparse  quantities,  that  the 
metal  usually  commands  from  three  to  four  limes  the  price  of 
lead,  and  iully  as  much  as  that  of  tin  or  copper.  At  present 
the  supply  of  sulphides  of  antimony  for  the  English  smelters 
is  obtained  from  Algeria,  Spain  and  Ceylon.  Small  quantities 
of  oxide  of  antimony  ores  have  been  found  in  portions  of 
Europe  and  in  Ceylon,  but  at  no  time  in  such  quantities  as  to 
elicit  special  attention.  When,  therefore,  about  a  year  ago,  I 
called  the  attention  of  English  metallurgists  and  smelters  to 
the  occurrence  of  vast  lodes  of  almost  pure  oxide  of  antimony 
in  the  district  of  Altar,  Sonora,  Mexico,  thirty  miles  from  the 
Gulf  of  California,  it  seemed  too  marvelous  for  their  belief. 

A  company  of  gentlemen  of  Boston,  Mass.,  now  have  con- 
trol of  these  antimony  mines,  and  the  ore  will  soon  be  in  the 
hands  of  smeltei*s. 

The  geological  features  of  the  country  where  this  ore 
abounds  are  similar  to  those  of  Southern  Arizona.  The  moun- 
tains are  in  short,  narrow  ranges,  having  for  the  most  part  a 
northerly  and  southerly  trend.  Their  crests  are  either  ragged 
or  well-rounded  cones,  according  to  the  nature  of  the  rocks 
forming  their  mass.  Between  these  ranges,  we  have  what  is 
called  mesa  or  table  land  ;  the  latter  is  formed  of  the  debris  of 
the  mountains.  This  material  is  of  so  loose  and  porous  a 
nature,  that  the  small  amount  of  rain  which  falls  sinks  through 
it  and  leaves  the  land  dry  and  arid.  As  far  as  I  have  been 
able  to  make  out  the  order  of  the  rocks  forming  these  moun- 
tain chains,  we  have  fii*st  granite,  and  this  is  flanked  by  Sub- 
carboniferous  limestone,  in  most  places  so  crystalline  as  to 
obliterate  all  traces  of  fossils.  Protruding  through  these  and 
forming  the  mountain  peaks,  we  have  porphyry,  quartzites, 
basjxlt,  diorites  and  trachytes. 

The  country  rock  in  the  immediate  vicinity  of  the  antimony 
mines  is  quartzite  and  limestone.  The  lodes  are  from  four 
to  twenty  feet  wide,  and  exploitation  work,  carried  to  a  depth 
of  thirty  feet,  shows  that  the  fissures  are  filled  from  wall  to 
wall  with  the  oxide  of  antimony,  almost  pure  and  remarkably 
uniform  in  character.  The  course  of  the  lodes  is  nearly  north 
and  south  ;  the  pitch  is  high  to  the  east.  Tlie  area  over  which 
the  ore  is  found  may  be  roughly  stated  to  be  five  or  six  miles 
long  and  half  a  mile  or  more  wide. 

The  Boston  Company  controls  nine  mines,  each  of  which  is  a 
full  Mexican  claim,  800  meters  (2624'  8'')  long  and  200  meters 
(656'  2")  wide.  On  three  of  the  mines,  the  crop,  which  is  solid 
oxide  of  antimony,  stands  up  boldly  above  the  general  surface 
and  may  be  traced  along  the  claims  for  many  hundred  feet  As 
stated  above,  the  ore,  so  far  as  explorations  have  exposed  it,  is 
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almost  pure  oxide  of  antimony,  the  little  impurity  it  contains 
being  silica.  The  fire  assays  show  it  to  contain  from  60  per  cent 
to  70  per  cent  of  pure  metal,  and  I  have  estimated  the  entire 
lode  to  average  50  per  cent  By  selection  the  average  may  be 
augmented.  On  going  down  to  a  greater  depth  in  the  lode,  it 
is  possible  that  the  oxides  may  give  place  to  sulphides,  but  thus 
far  there  is  not  the  slightest  evidence  of  any  change. 

This  discovery  is  destined  to  produce  a  marked  influence 
upon  the  production  of  metallic  antimony  and  to  greatly 
extend  its  uses. 

Professor  S.  P.  Sharpies,  of  Boston,  after  an  examination  of 
many  specimens  of  the  oxide  of  antimony,  received  from  me, 
has  maae  the  following  statement :  The  mineral  varies  in  color 
from  almost  white,  to  a  very  dark  brown.  The  specific 
gravity  of  one  of  the  purest  specimens,  is  507,  and  it  con- 
tained 5  per  cent  of  water,  and  75  per  cent  of  antimony.  This 
composition  and  specific  gravity  approach  very  closely  the 
same  for  slibiconite. 

The  mineral  is  only  very  slightly  soluble  in  hydrochloric 
or  nitric  acid,  or  aqua  regia.  Fusion  with  bisulphate  or  soda, 
only  partially  resolves  it  It  is,  however,  readily  and  easily 
decomposed  m  a  platinum  crucible  with  carbonate  of  soda. 

This  oxide  of  antimony  has  hitherto  been  foand  only  as  a 
slight  coating  on  other  antimony  minerals,  and  it  has  been 
difficult  to  get  specimens  of  it,  even  a  few  grains  in  weight 

The  mineral  is  not  easily  reduced  before  the  blowpipe,  but 
is  very  easily  reduced  in  a  crucible  with  powdered  charcoal  or 
cyanide  of  potassium,  giving  as  a  single  operation  buttons  of 
star  antimony. 


Art.  XLVI. — Experiments .  made  to  determine  the  ^^Drag^^  of 
Water  upon  Water  at  Low  Velocities;  by  the  Rev.  Samuel 
Haughton  and  J.  Emerson  Reynolds,  M.D.* 

A  spherical  ball  of  granite,  unpolished,  was  suspended  by 
a  pianoforte  wire,  and  allowed  to  hang  freely;  from  the  brass 
collar  by  which  the  ball  was  suspended  an  index  projected  on 
each  side,  the  pointed  ends  of  tne  indices  traversinsj  a  gradu- 
ated horizontal  circle,  whose  center  corresponded  with  the  line 
of  suspension.  The  suspended  ball  was  immersed  in  water 
contained  in  an  iron  tub. 

The  weight  of  the  granite  ball  was  22452 "85  gramS,  and  its 
mean  diameter  was  251*46  millimetera      The  length  of  the 

*  From  the  Prooeedings  of  the  Royal  Irish  Academy,  read  Feb.  23,  1880.  The 
term  **Dnig*'  is  to  be  understood  as  signifying  the  combined  effects  of  faction 
andTisoon^ 
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wire  of  suspension  was  610*8  centimeters,  and  its  diameter  was 
0*889  millimeter.  The  diameter  of  the  iron  tub  was  2  feet  4 
inches,  and  the  depth  of  water  contained  in  it  was  1  foot  9 
inches. 

The  method  of  observation  was  as  follows :  the  indices  of 
the  ball  having  arrived  at  the  zero  of  rest,  the  ball  was  then 
displaced  by  a  torsional  movement  of  the  wire,  and  allowed  to 
regain  its  position  of  rest  by  a  succession  of  vibrations  of 
diminishing  amplitudes. 

The  Quantities  observed  were,  the  time  of  vibration  and  the 
rate  of  aiminution  of  the  amplitude. 

The  equations  of  motion  of  the  apparatus  are  thus  found : — 

^'-x=«,  0) 

where  a;=the  varying  amplitude  of  any  point  of  the  surface  of 
the  ball  measured  from  the  zero  of  rest ;  X  =  the  tangential 
forces  of  torsion  and  *'drag"  actine  at  the  point  oc 

If  we  assume  that  for  low  velocities  the  friction  will  be 
proportional  to  the  velocity,  we  shall  have 

X  =  *'«^/|';  (2) 

where  A;  is  a  coeflRcient  depending  on  torsion,  and  /  is  a  coeffi- 
cient depending  on  "drag." 

It  is  easy  to  see  that  the  complete  integral  of  the  equation  of 
motion, 

must  be  of  the  form 

X  =  ae^  cos  nt  -|-  be*^  sin  nty  (4) 

where  a  and  b  are  arbitrary  constants,  and  where  m  and  n  have 
the  values 

m  =  -^;    n=    L'-^.  (5) 


=-f.  '•=j*--=f 


If  we  reckon  the  time  from  the  commencement  of  the  oscil- 
lation, equation  (4)  reduces  to 

xznaeT'cosnt.  (6) 

If  T  denote  the  time  of  a  complete  double  oscillation,  we  find 
from  the  above 

(?,  =  (?/%  (1) 

where  <?,»=amplitude  of  the  («+l)**  vibration;  (7o= amplitude 
of  the  first  vibration. 

From  (7)  we  obtain  the  following  working  equation,  for  use 
in  the  calculations  to  determine  the  coefficient  of  friction :— 


^=w'°«'(j}  ^'^ 
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Also,  we  have  n  z=  -=-  =      A:*— =^ ; 

from  which  we  obtain,  aft^r  some  reductions, 

T-         ^^  (9) 

If  we  introduce  into  this  equation  the  value  of /determined 
by  (8),  we  obtain  A;,  which  depends  on  the  torsion  only. 

From  careful  experiments  made  by  means  of  the  apparatus 
described  at  the  beginning  of  this  paper  the  following  value 
has  been  obtained  for  the  coefficient  of  "  drag  "  : 

/=_1_ 
•'       807-067 

From  this  value  of  /  we  can  determine  the  relation  between 
the  slope  of  a  water-surface  and  its  velocity.  We  have,  for  the 
equation  of  motion  of  the  surface, 

^=i,Bm.-/^;  (10) 

where  g  denotes  the  force  of  gravity,  i  the  slope  of  the  surface, 
and  X  the  distance  of  any  particle  rrom  the  origin  measured  in 
the  direction  of  the  motion.  If  v  denote  the  velocity  of  a 
particle,  equation  (10)  becomes  at  once 

-^+fv  =  g&\ni;  (11) 

which  gives,  by  integration, 

e^{g  sin  i  -^fv)  =  const.  (12) 

This  indicates  that  the  velocity  will  increase  from  zero  up  to 
the  value  given  by 

^sin*— /v=zO,  (13) 

after  which  it  will  remain  constant  forever. 
The  final  constant  velocity  given  by  equation  (18)  is 

o  sm  i 
V  =  ^-j-  =  82-2  X  307-067  sin  t.  (14) 

If  we  express  the  velocity  in  feet  per  second,  and  call  h  the 
slope  per  mile,  we  find 

V  =  1-8726  X  h  ft.  per  second ;  (16) 

which  is  equivalent  to 

:o  =  30-642  h  miles  per  day.  (16) 

Dr.  Carpenter  has  proposed  to  explain  the  phenomena  of 
ocean  circulation  by  the  greater  height  of  the  water  at  the 
equator  as  compared  with  that  at  the  poles. 
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If  we  call  the  distance  from  the  equator  to  the  pole  6,000 
miles,  and  suppose  the  velocity  of  the  surface  current  toward 
the  pole  to  be  only  one  mile  per  day,  we  find  from  equation  (16), 
that  this  would  require  a  head  of  \^ater  at  the  equator 

A  =  195-80  feet. 

No  such  difference  of  level  can  be  admitted  between  the  equi- 
librium levels  of  the  equatorial  and  polar  oceans.  The  latest 
accurate  estimate  of  the  difference  is  that  made  by  Mr.  Croll, 
viz.,  4i  feet.  This  head  of  water,  if  it  could  produce  an  oceaDic 
flow  at  all,  would  be  one  at  the  rate  of  one  mile  in  42*567  daj»; 
or  a  flow  that  would  occupy  700  years  to  pass  from  the  equator 
to  the  poles. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  PHYSica 

1.  On  the  determination  of  Carbon  dioxide  in  esrpired  air,^ 
Marcbt  han  described  a  modification  of  Pettenkofer's  apparatu 
for  determining  the  amount  of  carbon  dioxide  contained  in  expired 
air.    He  uses  a  cylinder  of  thick  glass,  of  about  two  liters  capacity, 

f  round  fiat  at  both  ends  and  closed  by  disks  of  thick  glass,  clotely 
tting  the  openings  and  kept  in  place  by  brass  collars.  The 
upper  glass  (fisk  is  perforated  with  three  holes,  to  contain  respeo- 
tively  a  thermometer  and  two  stopcocks.  The  lower  disk  has  one 
openmg,  for  the  insertion  of  a  stopcock.  The  cylinder  is  sup- 
ported on  a  tripod.  The  air  to  be  analyzed  is  collected  in  a  rubber 
Dag,  those  used  by  Mtircet  holding  39*3  and  64*8  litere  under  the 
pressure  of  one  inch  of  water.  Ihe  bag  is  connected  to  the  cyl- 
inder by  one  of  the  upper  openings,  and  the  cylinder  is  put  in 
communication  with  tlie  air-pump  by  the  lower  one.  After  ex* 
hausting  to  20  or  30  mm.  pressure  the  air  from  the  bag  is  allowed 
to  enter  the  cylinder;  this  operation  being  repeated  tul  the  cylin- 
der is  filled  with  air  from  the  bag.  By  means  of  the  thermometer 
and  a  manometer  attached  to  one  of  the  stopcocks,  the  tempera- 
ture and  pressure  are  noted.  The  stopcocks  are  now  closed  and 
communication  interrupted  with  the  bag  and  the  air-pump.  In 
place  of  the  tube  to  the  bag,  a  pipette  containing  100  cc.  of 
normal  barium  hydrate  solution  is  connected  to  the  cylinder;  and 
in  place  of  the  manometer  a  small  bag  of  vulcanized  rubber  ii 
inserted  to  receive  the  air  expelled  by  introducing  the  bariam 
solution.  On  opening  the  stopcocks  of  the  pipette  and  the  oon* 
necting  tube,  the  solution  passes  into  the  cylinder.  After  agita- 
tion, the  milky  liquid  is  drawn  ofi'into  a  100  c.c.  bottle  andcloflely 
corked.  Subsequently,  at  convenience,  26  c.c.  of  this  liquid- n 
removed  with  a  pipette,  100  c.c.  of  distilled  water  is  added,  tbe 
solution  is  placed  in  a  burette  and  added  to  5  c.c.  of  an  oxalic 
acid  solution  of  such  strength  that  1  c.c.  corresponds  to  one  milli- 
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tn  of  CO,,  until  nentralization  is  effected.  From  the  data  thns 
3n  the  weight  of  the  carbon  dioxide  is  calculated. — J.  Ohem. 
.,  xxxyii,  493,  July,  1880.  o.  f.  b. 

.  On  the  Atomic  Weight  of  Ytterbium. — Nelson  has  continued 
researches  upon  the  rare  elements  of  the  mineral  euxenite,  hav- 

had  the  good  fortune  to  receive  from  Professors  Nordenski5ld 
i  Waage  more  than  ten  kilograms  of  this  substance.  The  earth 
n  it,  which  was  formerly  culled  erbia  and  supposed  to  be  the 
de  of  a  single  element,  he  now  finds  to  contain  not  less  than 
en  different  oxides,  scandia,  ytterbia,  thulia,  erbia,  terbia,  the 
th  which  Soret  calls  a;,  and  yttria.  To  extract  them,  the  finely 
verized  mineral  was  placed  in  a  platinum  dish,  in  quantities  of 
Kit  400  grams,  mixed  with  four  times  its  weight  of  hydro- 
Assium  sulphate,  and  fused  over  a  powerful  gas  lamp.  The 
ion  was  completely  extracted  with  cold  water,  decanted  from 

undissolved  metallic  acids,  precipitated  with  ammonia,  the 
Irates  thus  obtained  washed  out,  dissolved  in  nitric  acid,  boiled, 
tip  decanted  from  the  metallic  acids,  precipitated  with  oxalic 
d,  washed,  dried  and  ignited.  In  this  way  2^  kilograms  of  the 
ced  earths  was  obtained.  After  boiling  with  water  to  free  it 
m  potassium  carbonate,  it  was  dissolved  in  nitric  acid  and  the 
rate  evaporated  and  fused  until  the  weight  was  twice  that  of 
(  mixed  earths.  On  solution  in  water,  a  residue  remained  of 
lie  nitrates  of  thorium,  cerium,  uranium  and  iron.  The  filtrate 
ve  a  beautiful  fused  nitrate,  which  was  subjected  to  the  long 
ies  of  partial  decompositions  already  previously  described.  The 
ongest  bases,  didymium,  yttrium  and  terbium  accumulated  in 
i  first  mother-liquors  so  that  the  principal  solution  after  seven 
compositions,  contained  no  didymium.  In  the  mother-liquors 
•m  8  to  30  the  absorption-bands  of  the  so-called  erbia  increased 
)cessively  in  intensity,  the  solution  containing  finally  nearly 
i  whole  of  the  earths  which  are  characterized  by  absorption 
nda.  Cleve  having  worked  up  15  kilograms  of  gadolinite  at 
)  same  time,  these  two  chemists  had  at  least  6-7  kilograms  of 
J  earths  between  them.  So  they  divided  the  work,  Cleve  taking 
»ia  proper  and  thulia,  and  Nilson  ytterbia  and  Soret^s  earth  x, 
e  latter's  present  paper  is  upon  ytterbium.  After  68  decom- 
litionR,  the  syrupy  nitrate  solution  showed  not  a  trace  of  any 
lorption  band,  and,  after  the  scandia  had  been  separated,  con- 
ned only  pure  ytterbia.*  The  solution  of  the  nitrate  was  treated 
h  H,S,  and  the  filtrate  precipitated  with  oxalic  acid.  The 
klate  was  ignited,  the  earth  converted  into  nitrate  and  divided 
partial  decompositions  into  seven  fractions.  £ach  of  these  was 
verted  into  sulphate  by  dissolving  a  weighed  quantity  of  the 
th  in  nitric  acid,  adding  sulphuric  acid  in  excess,  and  evapor- 
ig  till  no  more  fumes  appeared.  The  atomic  weight  of 
erbium  as  obtained  from  these  seven  fractions,  calling  ytterbia 
)„  is  as  follows:  178-21,  17303,  17308,  17300,  173-01,  172-84, 

Series  61-68  oootained,  beside  ytterbia,  only  the  oxide  of  a  metal  to  which 
re  has  g^ven  the  name  of  thulium. 
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172*01 ;  or  ^78*01  as  a  mean.    The  anthor  also  deBcribes 
and  its   hydrate,   nitrate,   anhydrous   and   hydrated  sdl} 
selenite,  and  oxalate. — Ber.  Berl,  Chem.  Oe$.^  xiii,  1480,  Ji 
1880.  Q.V.&] 

3.  On  the  Atoniio  Weight  of  Scandium. -^"Silbov  has  alioi 
munioated  the  results  of  his  researches  upon  the  atomic  wd| 
scandium.  For  its  separation  from  ytterbium,  two  meth< 
be  used :  the  first,  based  upon  the  fact  that  scandium 
far  more  easily  decomposed  by  heat  than  the  ooi 
ytterbium  salt ;  and  the  second,  which  rests  on  the  behan(v^ 
scandium  sulphate  to  a  saturated  solution  of  potassium  bii1[ 
a  double  sulphate  ^E,SOJ,.  Sc,(SOJ,  being  deposited, 
ytterbium  sulphate  is  easily  soluble  in  such  a  solution, 
grams  of  the  mixed  earths  were  dissolved  as  neutral  sulj 
a  few  C.C.  of  water,  and  the  solution  was  gradually  saturated 
potassium  sulphate  by  hanging  firagments  of  this  salt  b  it  i 
platinum  basket.  In  a  few  hours  the  walls  and  bottom  of 
vessel  were  covered  with  the  crystalline  double  salt. 

couple  of  days,  it  was  collected  and  washed.    A  weighed  qi 

of  the  earth  from  the  filtrate  converted  into  sulphate  gave 
atomic  weight  of  172*88,  showing  this  filtrate  to  contaio 
vtterbium.    The  potassium-scandium  sulphate  itself  was  com 
into  nitrate  and  fractionallv  decomposed.      Four  products 
obtained  whicjh  gave  atomic  weights  of  80*07,  40*47,  40*72, 
46*70 ;    showing  that  some  ytterbia  had  come  down  with 
scandium.      From  this  last  fraction,  four  further  fractioos 
obtained  and  the  pure  scandia  prepared  by  igniting  the  o] 
This  was  weighed,  dissolved  in  nitric  acid  and  evaporated 
sulphuric  acid  in  excess  till  fumes  no  longer  appeared, 
fractions  gave  atomic  weights  of  43*99,  44*07,  44*05,  and  441 
respectivelv ;  or  44*03  as  a  mean.     This  atomic  weight,  44,  o 
cides  exactly  with  that  which  Mendelejeff  derives  from  his  peri( 
law  for  ekabor,  with  the  predicted  properties  of  the  oxide  of  wl 
scandium  oxide  Sc,0,  coincides.    The  author  describes  this  one 
and  also  the  hydrate,  nitrate,  sulphate,  selenite  and  oxalate, 
molecular  heat  of  Sc,0,  is  20*81.  — ^er.  Berl.  Chem.  Ots.^ 
1439,  July,  1880.  G.  F.  a 

4.  On  a  new  Cymene  in  Rosin  oil.  —  Kblbb  has  examined 
lighter  oils  obtained  from  the  distillation  of  rosin  and  fiods 
they  contain  a  new  cymene.     After  washing  with  sodium  hf(^ 
solution,  and  fractioning,  several  products  are  obtained  of 
stant  boiling  points.     One  of  these  boiling  at  170**-178"  C, 
agitated  witn  concentrated  sulphuric  acid,  in  which  it  dissoh 
almost  completely.     On  dilution,  two  layers  separated,  the 
of  which  contained  the  sulpho-acids.   This,  neutralised  with " 
carbonate  while  hot,  deposited  on  cooling  brilliant  pearly  plitaii 
barium  a-cymene-aulphate,  almost  insoluble  in  cold  water,  ii 
in  alcohol  and  yielding,  when  treated  with  phosphoric  chl 
and  ammonia  an  ^y-cymene-sulphamide  fusing  at  73®  C.    Fi 
evaporation  of  the  mother  liquor  gave  a  second  salt, 
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inonene-dulphate,  as  an  indistinctly  crystalline  mass,  easily 
lUe  in  absolute  alcohol,  /^-cyraene-sulphamide  prepared  from 
I  salt,  fuses  at  iOd''-108''  C.  The  cymene  prepared  from  the 
adpho-salt  is  a  colorless  highly  refractive  liquid  of  agreeable 
«  Doiling  at  1 78^-1 75^  Bv  oxidatiou  it  gives  an  acid  of  hish 
tag  point,  probably  isophtbalic  acid.  This  cymene  is  distm- 
■hed  from  the  parapropy toluenes  of  Jacobson  by  the  fact  that 
ile  the  sulphamides  of  these  bodies  fuse,  the  one  at  112^  C,  the 
mt  at  OY^'Od"  C,  this  one  melts  at  73^  C.  Orthocymene  is 
Inded  since  it  does  not  yield  isophthalic  acid  on  oxidation. 
tMYmene  differs  from  it  in  the  crystal-form  of  its  barium 
«lpho-salt,  and  in  the  ease  with  which  this  is  converted  into 
I  anlphamide.  Hence  the  author  is  inclined  to  regard  this 
Bene,  at  least  provisionally,  as  meta-isopropyltoluene. — Ber, 
fL  Chem.  Qes.^  xiii,  1157,  June,  1880.  o.  f.  b. 

K  On  the  preparation  of  normal  Ethyl  sulphate, — Villisbs 
iracceeded  in  obtaining  a  larger  ^eld  of  normal  ethyl  sulphate 
pH J^O^,  bv  effecting  the  distillation  under  diminished  pressure, 
prepare  this  ether,  200  grams  of  absolute  alcohol  is  distilled 
iny  with  twice  its  volume  of  concentrated  sulphuric  acid,  in  as 
»d  a  vacuum  as  possible.  The  yield  is  25  to  80  grams.  Two 
«n  of  liquid  appear  in  the  receiver,  the  lower  of  which  is  the 
ler.  It  is  rectined  in  vacuo,  and  boils  under  a  pressure  of  5 
i.  at  2'5°  C.  It  crystallizes  at — 24*5°,  and  alkalies  convert 
It  once  into  sulphethylate. — Bull.  Soc.  Ch,^  II,  xxxiv,  25,  July, 
10.  o.  F.  B. 

Ii  On  Sbmatropine. — ^Atropine,  as  is  well  known,  breaks  up 
Id  tropic  acid  and  tropine.  Ladenbubg  succeeded  in  reversing 
I  process  and  in  producing  atropine  from  tropic  acid  and  tropine. 
Is  led  him  to  the  synthesis  of  an  entirely  new  class  of  alkaloids, 
beh  he  called  tropeines,  produced  by  the  action  of  acids  upon 
Ipne  in  presence  of  hy^drochloric  acid.  Tlie  tropeine  of  mandelic 
i^Qxytoluylic  acid,  which  he  calls  oxytoluyltropeine  or  homatro- 
hf  while  possessing  equal  mydriatic  power  with  atropine,  yet 

~  nt 


off  much  more  rapidly,  in  12  to  24  hours.  Merck  has 
tuned  it  crystallized  from  solution  in  absolute  ether.  It  fuses 
W-5''  to  98-5'*,  and  has  the  formula  C,.H,^NO,.— i^er.  BerL  Chem. 
i.,  xiii,  106,  1081,  1340,  July,  1880.  G.  f.  b. 

'.  On  Carbonyl  Hosmoglobin. — Weyl  and  Von  Anbbp  have 
posed  to  use  the  behavior  of  oxy-hsBmoglobin  and  of  carbonyl- 
noglobin  toward  oxidizingagents  as  a  means  of  detecting  the 
er  in  blood  poisoning.  While  1  c.c.  iodine  solution  (I  grm. 
,  0*05  grm.  I,  1  liter  water)  produces  in  blood  containing 
ven  the  bands  of  metheemoglobin  immediately,  in  blood  con- 
img  carbonous  oxide  these  bands  appear  only  after  four  days, 
oxygenated  blood,  \  c.c.  of  permanganate  solution  (0*025  per 
t)  ffives  the  bands  at  once,  the  blood  remaining  clear  and 
icming  yellowish-green  in  color.  Blood  containing  CO  remains 
-^becomes  turbid  and  shows  no  bands.  The  quantity  of  the 
^^ng  agent  required  to  produce  the  bands  increases  with  the 
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quantity  of  CO  present.  A  one  per  cent  aqneoas  solution  of 
pyrooateohin  or  of  hydro<|uinone  also  causes  the  appearance  i 
once  of  the  methsBmoglobm  bands  in  blood  containing  oxygen; 
while  carbonyl  blood  is  unchanged.  In  this  test,  the  blood  ii 
heated  with  the  phenol  to  40®  for  15  minutes. — £er.  Berh  Chm, 
Gea.y  xiii,  1294,  July,  1880.  o.  F.  k 

8.  Change  of  wave  length  by  movement  of  the  source  oflighL^ 
M.  L.  Thollon  points  out  the  peculiar  fitness  of  a  group  of  ins 
lines  in  the  spectrum  for  observation  on  changes  in  wave  \eogA 
produced  by  the  approach  or  recession  of  the  sources  of  li^ 
The  wave  length  of  these  iron  lines  are  ^=:6976-l  and  c=6974'f; 
to  the  left  of  &  is  a  telluric  line  a=5976'85  and  to  the  right  of^i 
a  telluric  line  cf=5974*36.  When  the  edge  of  the  solar  dise  k 
observed  it  is  found  that  the  iron  lines  change  while  the  tellniw 
lines  remain  in  the  same  position  they  assume  when  the  cento'of 
the  solar  disc  is  observed. —  Comptes  RendiAs^  No.  7,  1880,  p.  308. 

J.  T. 

9.  Successive  traiisformations  of  the  photographic  image  hf 
prolonged  action  of  light, — M.  J.  Janssbn  states  the  following 
facts  in  extension  of  those  previously  communicated  by  him :  (1.) 
The  ordinary  negative  image.      (2.)   A  first  neutral  state.    Tlie 

filate  becomes  uniformly  obscure  under  the  action  of  the  developer. 
3.)  A  positive  image  which  succeeds  the  first  neutral  state.  (4.) 
A  second  neutral  state,  opposite  to  the  first,  in  which  the  plate 
becomes  uniformly  clear  unaer  the  action  of  the  developer.  (5.) 
A  second  negative  image,  resembling  the  ordinary  negative  imagei 
but  differing  from  it  by  intermediate  states  and  by  the  enormou 
difierence  of  the  luminous  intensity  which  is  necessary  to  obtain 
it.  (6.)  A  third  neutral  state — in  which  the  negative  image  of  tbe 
second  order  has  disappeared,  and  is  replaced  by  a  dark  uniform 
tint. —  Cofftptes  HefiduSy  No.  4,  1880,  p.  199. 

Captain  Abney  enters  into  an  explanation  of  the  reversal  of  tlie 
developed  photographic  image  in  the  Philosophical  Magadne, 
September,  1880,  p.  200.  j,  t. 

10.  Chattge  of  t/ie  zero  point  of  a  thermometer, — Professor  J. 
M.  Crafts  shows  (1.)  that  the  zero  point  rises  more  rapidly  m 
thermometers  made  of  French  crystal  than  in  those  made  from 
glass  without  oxide  of  lead.    (2.)  The  elevation  of  the  zero  point  if 
much  more  rapid  at  first,  and  probably  tends  toward  a  limit  under 
long  heating  at  a  fixed  temperature.     (3.)  The  zero  point  whidi 
has  risen  under  prolonged  heating  at  a  high  temperature  retaiot 
this  elevation  wnen  the  thermometer  is  kept  at  the  ordinary  tem- 
perature ;  and  the  effect  produced  by  the  elevated  temperatnre 
renders  the  thermometer  more  stable  under  the  infiuence  of  lower 
temperatures.     Professor  Crafts  shows  that  the  theory  of  Depreti 
is  sustained  by  his  own  experience.     In  other  words  the  cbanra 
in  glass  are  due  to  the  interior  work  of  the  molecules  in  comuy 
back  to  positions  of  equilibrium,  and  probably  not  to  the  effecti 
of  pressure. —  Comptes  JRendus,  Nos.  5  and  7,  1880,  pp.  291-9701 
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1.  (hi  the  electric  discharge  in  Harejled  gases. — ^Dr.  Euobn 
JD8TBIN,  in  a  preliminary  paper  on  a  new  differentiation  of 
5tric  Rays  maintains  the  following  points :    (1.)  The  produc- 

of  light  by  an  electric  ray  from  the  negative  pole  in  highly 
ified  gas,  takes  place  only  when  the  ray  strikes  upon  a  solid 
bade.  (2.)  It  is  not  the  whole  length  of  the  ray  which  pro- 
es  the  light,  but  only  the  end  of  it  furthest  from  the  negative 
5.  ^8.)  The  cause  of  the  production  of  the  light  is  to  be 
ght  in  an  optical  action.     (4.)  The  modification  of  the  end  of 

ray  is  produced,  not  only  when  the  ray  impinges  on  a 
»Tescent  wall,  but  also  whenever  it  falls  on  any  sohd  substance. 

The  differentiation  in  question  is  not  associated  with  a  par- 
ilar  pressure.      (6.)  The  phenomenon  is  not  associated  with 

particular  intensity  of  discharge.  (7.)  The  same  differentia- 
I  occurs  with  the  *'  secondary  negative  light,"  a  name  given  to 

light  produced  at  any  point  of  the  discharge  at  which  a 
traction  of  the  tube  is  introduced.  (8.)  The  excitation  of 
It  by  the  ends  of  the  negative  rays  is  not  of  the  same  kind  as 
illumination  called  forth  m  the  surrounding  walls  of  the  tubes 
the  stratification  of  the  positive  light  when  the  rarefaction  is 
ill. — Phil.  Mag,^  September,  1880,  p.  173. 
^r.  Goldstein's  paper  is  to  be  continued  and  will  prove  of  great 
irest  in  connection  with  Crookes'  experiments  in  the  same 
KStion.  J.  T. 

2.  Heat  theory  of  the  development  of  Electricity, — H.  J.  L. 
>BWBG  maintains  the  theory  that  the  development  of  electricity 
lue  to  a  redistribution  of  kinetic  energy  in  the  form  of  heat. 
tJtricity  results  from  thermo-dynamic  relations  between  the 
its  of  contact  of  heterogeneous  substances.  Peltier's  phe- 
lena — the  development  of  electricity  from  evaporation,  from 
nsion,  from  osmose,  from  capillarity  are,  in  turn,  discussed 
Q  the  point  of  view  of  this  theory. — Annalen  der  Physik  und 
%mie^  Wo.  9,  1880,  p.  133. 

3.  Introduction  to  the  study  of  Chemical  Jieactions ;  by  Dr. 
X.  Edmund  Dbbchsbl.  Translated  by  N.  Fred.  Merril,  rh.D. 
w  York:  John  Wiley  &  Sons.  138  pp.  12mo. — This  volume 
ccupied  with  the  application  of  the  most  recent  and  advanced 
mical  philosophy  to  the  elucidation  of  the  chemical  changes 
t  are  involved  m  elementary  qualitative  analysis.  The  work 
M>th  author  and  translator  is  excellently  done.  The  terms 
teenies,  Atoms  and  Reactions  are  first  defined ;  Valence  and 
laws  ;  Oxidation  and  Reduction  ;  Solution  of  Metals  and 
allic  Oxides ;  Manner  in  which  Reagents  work ;  Characteristic 

Special  Reactions  of  Bases  and  Acids,  are  the  titles  of  the 
aining  chapters.  The  book  must  be  very  serviceable  to 
Lentfi  of  analytical  chemistry  in  acquiring  familiarity  with  the 
>ry  of  their  work.  s.  w.  j. 

4.  Water  analysis  for  Sanitary  purposes^  with  hints  for  the 
Tpretation  of  results;  by  E.  Frankland.  149  pp.  8vo. 
ladelphia,  1880  (Presley  Blakiston). — This  little  volume  gives 
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in  clear  and  concise  form  the  methods  employed  in  the  analysis  of 
water  for  sanitary  purposes,  and  the  determination  of  the  varioiii 
ingredients  which  may  be  present.  It  contains  much  useful  illfo^ 
mation  in  regard  to  the  sanitary  effect  of  different  kinds  of  water, 
the  comparative  danger  arisiug  from  the  various  possible  impari- 
ties, and  concludes  with  the  Report  of  the  Rivers  Foliation  Uom- 
missioners  of  Great  Britain. 

IL  Geology  and  Natural  Histoky. 

1.  On  the  Oeological  action  of  the  Ilumita  acids/  by  Albzh 
A.  JuLiEN,  of  New  York.  100  pp.  8vo.  From  the  Proceedings 
of  the  American  Association,  vol.  xxviii,  Saratoga  Meeting,  1879. 
Salem,  1880. — ^Tbis  extended  memoir  treats  of  the  ''acids  exbtiog 
in  humus'*  according  to  chemists,  or  rather  some  chemists,  and  m 
their  distribution  through  surface  and  subterranean  waters ;  and 
then  of  the  action  of  organic  acids  in  taking  up  iron  oxide,  silica 
and  other  mineral  ingredients,  and  producing  changes  in  minerah 
and  rocks  and  making  mineral  depositions.  Under  the  long- 
recognized  principle  that  iron  is  taken  up  by  such  acids  and  thai 
removals,  bfeachings  and  depositions  are  made,  he  brings  forward 
the  case  of  the  bleaching  of  sands  on  the  New  Jersey  coast  and 
elsewhere,  which  he  attributes  to  this  agency.  The  reader  will 
derive  from  the  memoir  an  enlarged  view  of  the  cf&cienoy  of  this 
aeency  in  geological  operations,  but  in  the  case  of  consolidations, 
miileral  formations,  sincifications  and  many  other  of  its  alleged 
results  will  wish  that  the  suggestions  had  been  fortified  by 
experiment. 

2.  Catalogue  of  Minerals  and  Tables  of  Species  :  by  A.  E. 
FooTE.  97  pp.  8vo,  1880.  Philadelphia,  Penn. — This  catalogue, 
besides  containing  a  list  of  mineral  species,  a  tabulation  of  some  of 
their  character,  and  republications  of  descriptions  of  several  new 
American  minerals,  gives  some  excellent  original  figures  (from 
photographs)  of  crystals  of  the  amazon  stone  from  Colorado, 
rutile  and  brookite  from  Arkansas,  and  some  other  species. 

3.  Bulletifi  of  the  Nuttall  Ornithological  (Jlub^  Cambridge, 
Mass. — No.  4  of  the  fifth  volume  of  the  Ornithological  bulletin 
has  recently  been  issued.  It  contains  a  large  variety  of  interesting 
matter  and  shows  great  enthusiasm  in  its  numerous  oontribn- 
tors.  In  an  article  by  Dr.  Coues,  "  Behind  the  Veil,**  we  are 
treated  to  much  of  peculiar  interest,  not  only  in  the  personal  his- 
tory of  Wilson  and  Audubon,  but  also  in  the  eariy  history  of 
American  Ornithology  itself.  a.  e.  y. 

4.  Life  on  the  Seashore^  or  Animals  of  our  Coasts  and  Bays; 
by  James  H.  Emerton.  138  pp.,  12mo.  161  cuts.  George  A. 
Bates,  Salem,  Mass.  1880. — In  this  book  the  author  has  given 
very  interesting  and  popular  accounts  of  the  more  common 
forms  of  animal  life  occupying  the  shores;  the  surface;  and  the 
bottoms  of  our  northern  sea-coast,  with  good  illustrations  of  a 
large  number  of  them.  The  large  amount  of  information  oon- 
oerning  the  habits  and  transformations  of  many  of  these  animali 
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gives  additional  interest  to  the  book.  Descriptions  of  the  appa- 
ratus and  the  modes  of  capturing  and  preserving  specimens  of 
marine  invertebrates  are  also  given.  It  is  an  admirable  introduo- 
tion  to  the  stndy  of  marine  zoology.  ▲.  k.  v. 

5.   7%€  Natural  History  of  the  Agricultural  Ant  of  Teocas^  a 
Monograph  of  the  Habits^  Architecture  and  Structure  of  Pogo- 


nomyrmex  hirhatus;  by  Henry  Ciiuistopheb  McCook.  810  pp. 

photolithographic  plates.     Philadelphia,  1880.     ^J. 
B.  Lippincott  &  Co.) —This  volume  gives  at  great  length  tne 


8vo,  with  24 


final  results  of  an  enthusiastic  study  of  the  life-history  of  the 
agricultural  ant  of  which  some  accounts  were  publishea  nearly 
twenty  years  ago  by  Buckley  and  Lincecuin.  Considerable  doubt 
has  been  expressed  in  regard  to  the  accuracy  of  these  early  ob- 
servations, and  Mr.  iMcCook,  in  1877,  visited  Texas  for  the  pur- 
pose of  settlini^  the  questions  which  Buckley's  and  Linoecum's 
reports  had  raised.  The  later  observations  in  the  main  confirm 
the  earlier  ones,  but  are  far  more  complete  and  minute  and  add 
many  new  facts  to  the  remarkable  history.  The  present  work  is 
eminently  popular  in  style  and  certamly  very  readable  and 
thoroughly  interesting,  thouy^h  often  exceedingly  diffuse,  and 
deserves  a  wide  circle  of  such  readers  as  have  been  delighted 
with  the  somewhat  similar  work  of  Mog^ridge,  '*  Harvesting  Ants 
and  Trap-door  Spidei-s."  It  may  add  to  the  interest  m  Mr. 
McCook's  volume  to  call  attention  to  a  note,  by  the  Rev.  G.  E. 
Morris,  in  the  American  Naturalist  for  September,  p.  669,  ascrib- 
ing harvesting  habits  to  an  ant  (a  species  of  Pheidole)  in  New 
Jersey.  8.1.8. 

III.   Astronomy, 

1.  Photographs  of  the  Nebula  in  Orion;  by  Professor  Hbnbt 
Drapsb,  M.D. — During  the  ni^ht  of  September  80,  1880, 1  suc- 
ceeded in  photographing  the  bright  part  of  the  nebula  in  Orion  in 
the  vicinity  of  the  trapezium.  The  photographs  show  the  mottled 
appearance  of  this  region  distinctly.  Ihey  were  taken  by  the 
aia  of  a  triple  objective  of  eleven  inches  aperture  made  by 
Alvan  Clark  and  Sons,  and  corrected  especially  for  the  photo- 
g^phic  ravs.  The  equatorial  stand  and  driving  clock  I  constructed 
myselC  'the  exposure  was  for  fifty  minutes.  I  intend  at  an  early 
date  to  publish  a  detailed  description  of  the  negatives. 

New  York,  Oct.  2d,  1880. 

2.  Astronomical  Observatory  at  Rochester  N.  7],  under  the 
charge  of  Professor  Swift. — The  new  Astronomical  Observatory, 
at  Rochester,  is  to  have  the  third  largest  telescope  in  size  m 
America.  The  telescope  will  be  twenty-two  feet  in  length  and 
its  lens  sixteen  inches  in  diameter.  The  Observatory  is  named 
after  Ifr.  H.  H.  Warner,  by  whom  it  has  been  most  liberally 
endowed,  and  its  locality  is  one  of  the  most  commanding  in 
Rochester.  With  Professor  Swift  as  its  observing  astronomer, 
great  reaults  may  be  expected  from  the  new  Warner  Observatory. 

29a 
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IV.  Miscellaneous  Scientific  Intelligence. 

1.  Manual  of  Cattle- Feeding,  A  TVeatise  on  the  Laws  of 
Animal  Nutrition  and  the  Chemistry  of  Feeding- Stitffs  in  that 
application  to  the  feeding  of  Farm  Animals.  With  illtiHratiom 
and  an  Appendix  of  useful  tables;  by  Henry  P.  Armsbt,  Ph.D^ 
Chemist  to  the  Connecticut  Agricultural  Experiment  Station. 
New  York:  John  Wiley  &  Sons.  1880. — This  volume  of  525 
clearly  printed  12mo  pages  is  divided  into  three  parts,  vix: 
Part  1.  The  General  Laws  of  Animal  Nutrition,  con^prising  eight 
chapters,  treating  respectively  on  the  Composition  of  the  Animil 
Boay  ;  Components  of  Fodders  —  Nutnents  ;  Digestion  and 
Resorption  ;  Circulation,  Respiration  and  Excretion  ;  Methods 
of  Investigation ;  Formation  of  Flesh ;  of  Fat ;  Production  of 
Work.  Part  II,  on  Feeding  Stuffs,  in  three  chapters,  discusses 
Digestibility ;  The  Coarse  Fodders ;  Concentrated  Fodders.  Part 
III  treats  of  the  Feeding  of  Farm  Animals,  in  seven  chapters, 
viz;  Feeding  Standards;  Feeding  for  Maintenance;  Fattening; 
Feeding  Working  Animals ;  Production  of  Milk ;  Feeding  grow- 
ing animals  ;  Calculation  of  rations.  An  Appendix  includes  four 
tables:  I.  Composition  of  Feeding  Stuffs;  II.  their  Digestibility; 
III.  Feeding  Standards  for  farm  animals;  IV.  Proportions  by 
weight  of  the  various  parts  of  cattle,  sheep  and  hogs. 

It  may  be  safely  asserted  that  Dr.  Armsby's  work  contains 
the  most  complete   and   satisfactory  exposition    of  the  present 
state  of  knowledge  on  the  subjects  it  treats  of,  that  is  extant 
Not  only  is  it  very  far  in  advance  of  anything  that  has  hitherto 
appeared   in    the   English   language,  but    no   other   tongue,  not 
excepting  the  Gorman,  can  to-day  offer  its  equal.      The  book 
treats  of  a  difficult  and  complicated  subject,  but  the  difficulties 
are  approached  in  a  manner  adapted  to  make  their  mastery  easy 
to  the  careful  reader  who  possesses  a  modei'ate  knowledge  of 
chemistry  and  physiology.     The  method  and  spirit  of  the  book  , 
deserve  the  highest  praise  as  in  evident  accord  with  the  best  ten-  I 
dencies  of  exact  science.     The  whole  field  of  investigation  has 
been  surveyed.    Excellent  discrimination  is  shown  in  th«^  selection 
of  illustrative  experimental  data,  and  to  a  great  degree  all  essen- 
tial facts  are  so  presented  that  the  reader  cannot  fail  to  sec  their 
force.     The  author  fairly  presents  the  claims  of  rival  or  opposing 
theories,  and  clearly  indicates  where  his  conclusions  rest  on  solid 
facts,  and  where,  in  default  of  accurate  knowledge,  it  is  for  the 
present  necessary  to  accept  probabilities  as  our  guide,  or  even  to 
remain  quite  in  the  dark.     The  student  of  physiology  will  find  in 
this  work  the  results  of  a  vast  amount  of  investigation  undertaken 
in  the  German  Experiment  Stations,  with  which  our  physiologist* 
are  imperfectly  acquainted ;  and  the  farmer  who  is  exercised  on 
the  practical  questions  of  cooking  fodder,  the  use  of  concentrated 
foods,  fensilage,  compounding  of  rations,  exclusive  meal  feeding, 
influence  of  food  on  milk,  etc.,  can  i"ead  in  Dr.  Armsby's  pages  the 
essence  of  what  is  positively  known  on  these  subjects,      s.  w.  j. 
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2.  Contributions  to  the  Archaeology  of  Missouri  (30  pp.  4 to.) 
by  the  Archaeological  Section  of  the  St.  Louis  Academy  of  Sci- 
ence. Part  1,  Pottery^  30  pp.  4to,  with  23  plates. — This  valu- 
able and  well-illustrated  contribution  to  archeology  consists  of 
two  memoirs :  one,  a  general  sketch  of  the  archeological  remains 
in  southeastern  Missouri  by  W.  B.  Poiter  ;  the  other,  on  the  an- 
cient pottery  of  the  same  region,  by  Dr.  Edward  £vbrs,  in  which 
the  large  number  and  often  quite  artistic  forms  represented  in  the 
plates  are  treated  of  as  to  locality,  conditions  of  occurrence,  and 
other  particulars. 

3.  Spectroscopic  Notes  by  Professor  Young, — In  this  article,  in 
the  8th  line  from  the  top  of  page  358,  the  letter  Y  should  be  6. 

OBITUARY. 

Professor  Benjamin  Peirce,  LL.D.,  F.R.S.,  Perkins  Professor 
of  Astronomy  and  Mathematics  at  Harvard  University,  died  at 
his  home  in  Cambridge,  Oct.  6,  in  the  seventy-second  year  of  his 
age,  and  the  fiftieth  of  his  connection  with  the  University.  His 
father  and  mother  were  both  distinguished  for  their  acuteness 
of  mind,  and  his  instructor,  Nathaniel  Bowditch,  predicted  that 
the  boy  Peirce  would  be  one  of  the  first  mathematicians  of  his 
day — a  prediction  fully  realized.  In  1831,  two  years  after  gradu- 
ation at  Harvard  College,  he  was  appointed  mathematical  tutor, 
in  1833,  professor,  and  m  1842  he  was  appointed  to  the  chair  he 
filled  and  honored  until  his  death.  He  found  it  consistent  with 
his  devotion  to  science  to  do  much  work  in  connection  with  other 
institutions  than  Harvard  during  his  professorship.  Among  these 
services,  in  1849  he  undertook  the  revision  of  the  American 
Ephemeris  and  Nautical  Almanac,  for  which  he  prepared  his 
valuable  lunar  tables.  In  1855  he  was  one  of  the  commission 
to  organize  the  Dudley  Observatory.  From  1867  to  1874  he  was 
in  charge  of  the  United  States  Coast  Survey  and  rendered 
great  service  to  the  country  and  to  science  by  recruiting  the 
languishing  financial  strength  of  that  service  and  impressing 
upon  Congress  the  duty  of  eifectually  reorganizing  and  pushing 
forward  the  work  so  much  retarded  by  the  civil  war.  He  was 
one  of  the  original  members  of  the  National  Academy.  He  threw 
all  his  infiuence  into  the  organization  and  successful  development 
of  the  American  Association,  which  he  always  held  should  be 
free  from  class  distinctions,  and  to  which  he  would  never  be 
elected  in  the  higher  class  of  fellows  but  was  a  member  only. 
He  contributed  very  largely  to  make  the  American  Academy  of 
Boston  what  it  is,  and  throughout  the  whole  of  the  scientific 
literature  of  the  past  fifty  years  Peirce's  name  frequently  occurs 
as  a  contributor  upon  mathematical  and  physical  topics.  In  his 
own  department  of  the  University  he  thoroughly  impressed  the 
concise  methods  of  thought  so  efiectually  used  in  his  greater 
works.  The  teaching  at  Harvard  is  based  upon  his  methods  and 
notation,  and  these  methods  are  models  of  perspicuity  and  ele- 
gance.    In  physical  astronomy  perhaps  his  greatest  works  were 
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in  connection  with  the  planetary  theory,  his  analysifl  of  the 
Saturnian  system,  his  researches  regarding  the  lunar  theory,  and 
the  profound  criticism  of  the  discovery  of  Neptune  following  the 
investigations  of  Adams  and  of  Leverrier.  As  a  mathematician, 
his  work  on  Analytical  Mechanics,  his  treatise  on  Curves,  Faoo- 
tions  and  Forces,  and  his  memoir  on  Linear  Associative  Algehfg 
all  evince  extraordinary  originality  and  genius.  Many  of  his 
detached  papers,  relating  to  the  theory  of  observing,  and  the 
solution  of  special  problems,  show  an  appreciation  of  the  needs 
in  applied  mathematics  which  perhaps  has  not  been  exhibited  by 
the  same  order  of  genius  since  the  death  of  his  friend  and  ad- 
mirer, Gauss.  His  originality  was  fostered  by  his  habit  of  exam- 
ining a  new  mathematical  question  for  himself  and  onlv  referring 
to  the  work  of  other  geometers  after  he  had  first  fairly  exerted 
his  own  powers  of  analysis. 

His  genius  was  early  recognized  abroad  and  elections  to  the 
Royal  Societies  of  London,  Edinburgh  and  Gdttingen  and  to 
various  continental  societies  were  awarded  him.  The  versatilitj 
and  breadth  of  his  mind  is  partlv  shown  by  the  scope  of  his 
papers ;  but  to  those  who  came  in  daily  contact  with  him  he 
showed  such  a  penetrating  discernment  of  the  conditions  oft 
problem,  he  made  such  sagacious  suggestions  regarding  the  infer- 
ences to  bo  drawn  from  the  data  before  him,  he  showed  such  a 
wonderful  power  of  generalization,  that  the  papers  he  has  given 
to  the  world  only  seem  to  indicate  the  quality  of  work  his  mind 
had  constantly  before  it,  and  to  afford  no  idea  of  the  multitudi- 
nous problems  he  had  been  interested  in  and  discarded  as  soon  as 
the  solution  became  evident  to  himself.  He  habitually  ascribed 
to  his  listener  a  power  of  assimilation  which  the  listener  rarely 
possessed.  He  assumed  his  readers  could  follow  wherever  he  led; 
and  this  made  his  lectui*es  hard  to  follow,  his  books  brief^ 
difficult  and  comprehensive,  and  his  best  work  only  when  his 
listeners  were  students  trained  in  his  methods  who  had  already 
attained  some  skill  as  mathematicians.  He  was  personally  mag- 
netic in  his  presence.  His  pupils  loved  and  revered  him,  and  to 
the  young  man  he  always  lent  a  helping  hand  in  science.  He  in- 
spired in  them  a  love  of  truth  for  its  own  sake.  His  own  faith 
in  Christianity  had  the  simplicity  of  a  child's;  and  whatever 
radiance  couUi  emanate  from  a  character  which  combined  the 
greatest  intellectual  attainment  with  the  highest  moral  worth, 
that  radiance  cast  its  light  U|)on  those  who  were  in  his  presence. 
His  works  are  already  scarce  and  some  of  them  hardly  obtaina- 
ble ;  notably  the  second  volume  of  his  **  Curves,  Functions  and 
Forces,"  and  his  memoir  on  *'Lineiir  Associative  Algebra." 
It  is  much  to  be  desired  that  the  manuscripts  he  has  left  be  com- 
pleted so  far  as  possible  and  made  accessible  ;  and  this  work  could 
devolve  on  no  person  so  well  qualified  as  is  his  distinguished 
son.  Professor  James  Mills  Peirce.  l.  w. 

William  Lasskll,  F.R.S.,  the  distinguished  astronomer,  and 
eminent  in  connection  with  the  history  of  reflecting  telescopes, 
died  on  the  4th  of  October,  in  the  82nd  year  of  his  age. 
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Art,  XLVIL — Note  on  the  Zodiacal  Light ;  by  Henry  Carvill 

Lewis.    With  Plate  VI. 

[Read  before  the  AiDericaii  Amooiatioii  for  the  AdyaQoement  of  Science,  Boston, 

August  28,  1880.] 

It  is  designed  in  the  present  paper  to  make  a  brief  record  of 
the  results  obtained  from  observations  of  the  zodiacal  light 
extending  over  a  period  of  nearly  five  years.*  The  facts  here 
presented  are  dea actions  from  a  large  number  of  closely  ac- 
cordant observations,  the  publication  of  which  in  detail  must 
be  reserved  for  some  future  opportunity. 

The  discordant  results  obtained  by  diflferent  observers  have 
induced  the  writer  to  take  special  precautions  in  his  method 
of  observation.  To  map  correctly  such  very  faint  objects,  as 
those  parts  of  the  zodiacal  light  here  called  the  zodiacal  band 
and  the  gegenschein,  requires  absolute  freedom  from  bias  on 
the  part  of  the  observer.  An  atlas  (Heis'  Atlas  Coelestis),  on 
whicn  the  ecliptic  was  not  marked,  was  therefore  used,  and  the 
gegenschein  was  plotted  always  without  reference  to  the  sun's 
longituda  Its  angular  distance  from  the  sun  was  not  calculated 
until  after  the  close  of  the  whole  series  of  observations.  In 
order  to  train  the  eye  to  more  acute  vision,  it  has  been  custom- 
ary before  each  observation  to  use  it  in  the  detection  of  stars  of 
the  sixth  magnitude  and  under.f    It  has  been  found  that  such 

Eractice  is  not  only  a  good  preparation  for  accurate  observing, 
ut  that  an  idea  of  the  comparative  transparency  of  the  atmos- 

*  A  8h(»rt  notice  of  the  writer*8  work  was  published  in  the  Annual  Record  of 
Sdenee  and  Industry  for  1878. 

t  The  writer  has  frequently  seen  twelve  stars  in  the  Pleiades  with  his  naked 
eje. 

Am.  Joub.  Soi.— Thibb  Sbbiss,  Vol.  XX,  No.  120.~Dbc.,  1880. 


488  B.  0.  Lewis — Zodiacal  Light 

phere  is  thus  obtained.    In  all  cases  the  observations  were  made 
in  perfect  darkness,  and  recorded  as  soon  after  as  possible. 

Nearly  all  of  the  observations  were  made  in  (Jermantown, 
Pa.  (lat  40°) ;  but  a  few,  especially  those  upon  the  *•  horizon 
light,"  were  made  at  the  sea-shore,  on  board  ship,  or  on  the 
mountains. 

The  zodiacal  light  may  be  divided  into  three  portions : — the 
Zodiacal  done,  the  2jodiajcal  Band  and  the  Qegenscheitu  This 
division,  in  addition  to  its  convenience,  saves  confusion  ia 
description,  and  may  be,  in  part  at  least,  a  natural  one. 

77/e  Zodiacal  Cone, — This,  the  zodiacal  light  proper  of  most 
authors,  and  by  far  the  most  conspicuous  oi  its  three  portions, 
has  frequently  been  described  ana  its  outlines  mapped.  It  is, 
however,  often  misrepresented  in  popular  works  on  astronomy. 
It  is  the  only  part  of  the  zodiacal  light  which  varies  in  appear- 
ance. Its  height  above  the  horizon  and  its  brightness  are 
directly  connected  with  the  duration  of  twilight  and  the  obliq- 
uity of  the  ecliptia  The  most  favorable  time  for  viewing  it  is 
always  immediately  after  the  last  trace  of  twilight  has  disap- 
peared. It  would  be  more  frequently  noticed,  but  that  it  is 
often  confounded  with  twilight  While  the  last  trace  of  'twi- 
light is  a  lateral  expansion  of  light  along  the  western  horizon, 
the  evening  zodiacal  cone,  of  about  the  same  shade  of  color, 
rises  obliquely  as  a  cone  which  is  more  or  less  pointed  accord- 
ing to  the  season.  Its  apex  occasionally  attains  a  distance  of 
100°  from  the  sun. 

In  this  latitude,  the  zodiacal  cone  is  not  a  symmetrical  figure, 
its  southern  side  being  more  vertical  than  its  northern  side.  Its 
southern  side  is  also  the  more  sharply  defined  of  the  two,  and 
is  the  side  more  nearly  parallel  with  the  ecliptic.  Its  axis  of 
greatest  brightness  does  not  correspond  with  its  axis  of  sym- 
metry, but  lies  south  of  it.  There  is  a  very  small  angle  be- 
tween these  two  axes.  The  axis  of  greatest  brightness  appears 
to  lie  precisely  upon  the  ecliptic.  The  lateral  extension  of  the 
base  of  the  zodiacal  cone,  often  observed,  is  probably  a  purely 
atmospheric  effect. 

The  brightness  of  the  zodiacal  cone  depends  upon  the  sea- 
son of  the  year  and  the  time  of  the  night  when  observed.  Its 
brilliancy  increases  rapidly  as  it  approaches  the  sun,  and  at 
such  times  as  it  can  be  seen  nearest  the  sun  it  always  appears 
brightest.  The  time  of  shortest  twilight  coincides  with  the 
greatest  brilliancy  of  the  zodiacal  cone.  In  each  of  the  five 
years  the  evening  zodiacal  cone  was  most  brilliant  from  the 
middle  of  February  to  the  middle  of  March.  Several  observa- 
tions have  proved  it  to  cast  a  distinct  shadow  at  that  time.* 

*  Zodiacal  light  shadows  were  noticed  on  Feb.  12,  1877,  at  7.15  P.  IL,  and  on 
Feb.  21,  1879,  at  7.20  P.  M.  On  the  latter  night  snow  covered  the  ground,  oa 
which  distinct  zodiacal  light  shadows  were  cast. 
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Numerous  comparisons  have  been  made  between  the  bright- 
ness of  the  zodiacal  cone  and  that  of  different  parts  of  the  Via 
Lactea,  with  the  result  that  6arly  in  December  of  each  year  it 
becomes  as  bright  as  the  Via  Lactea,  soon  outshining  it  in 
brilliancy,  until  in  April  it  again  begins  to  become  the  fainter 
of  the  two  objects.  During  July  and  August  the  cone,  now 
lying  on  one  side  along  the  horizon,  can  only  be  seen  from 
positions  whence  there  is  a  very  perfect  horizon,  and  at  that 
season  has  generallv  been  confounded  with  twilight 

At  the  period  oi  its  maximum  brightness  an  inner  cone  of 
much  greater  brilliancy  can  be  detected  near  the  horizon. 
This  short  inner  cone  is  less  pointed  in  shape  than  the  outer 
one,  although  fading  by  degrees  into  it  It  is  many  times 
brighter  than  the  Via  Lactea,  and  is  slightly  colored  by  atmos- 
pheric absorption.  This  inner  cone  appears  directly  above, 
and  is  suddenly  obscured  by  the  dark  atmospheric  absorption 
band^  which  is  on  the  horizon. 

Neither  in  this  inner  cone  nor  in  the  zodiacal  cone  in  general 
has  any  color,  except  what  can  be  explained  bv  atmospheric 
absorption,  been  proved  by  the  observations  under  discussion. 
Although  a  decidedly  warm  color  has  frequently  been  observed, 
it  is  found  that  this  color,  like  that  of  the  moon  and  planets  at 
low  altitudes,  is  variable,  and  depends  upon  atmospheric  con- 
ditions. Comparison  between  the  zodiacal  cone  and  the  last 
traces  of  twilight  or  the  glow  preceding  moonrise,  shows  them 
to  have  a  similar  color  when  equally  bright  The  zodiacal 
cone  in  the  morning  is  frequently  more  pale  than  that  in  the 
evening,  for  the  same  reason  that  sunrise  has  generally  less 
deep  colors  than  sunset 

Several  observations  indicate  that  the  light  of  the  zodiacal 
cone  has  a  great  penetrating  power.  Even  under  atmospheric 
conditions  in  which  the  Via  Lactea  is  made  nearly  invisible, 
the  zodiacal  cone  appears  to  lose  but  little  of  its  light  The 
light  is  dense,  though  dull  and  ill-defined,  and  the  impression 
is  given  that  the  matter  producing  it  has  great  depth. 

Careful  watch  has  been  made  for  any  pulsations  in  the  zodi- 
acal cone.  Although  aware  of  the  statements  of  some  observ- 
ers as  to  their  existence,  the  writer,  during  the  whole  of  his 
observations,  has  never  once  been  able  to  detect  any  certain 
pulsations,  any  movement,  or  any  sudden  change  in  brightness 
ID  any  part  of  the  zodiacal  light ;  and  he  believes  that  all  such 
apparent  eflfects  are  due  either  to  atmospheric  changes  or  to 
cnanges  in  the  eyesight  of  the  observer.  Since  frequently  an 
apparent  diminution  in  brightness  ensues  after  the  observer 
has  been  looking  at  another  part  of  the  sky,  and  especially 
after  recording  a  note  by  lamplight,  it  has  been  found  neces- 
sary to  compare  directly  the  brightness  of  the  cone  at  a  certain 
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altitude  with  a  definite  portion  of  the  Via  Lactea ;  and  it  wa£ 
then  always  noticed  that  the  diminution  in  brightness  of  the 
zodiacal  cone  was  accompanied  by  a  corresponding  change  in 
the  Via  Lactea.  Any  change  in  the  transparency  of  the  atmos- 
phere or  in  personal  judgment  affects  equally  both  phenomena. 

Not  only  nave  no  pulsations  been  ooserved,  but  as  yet  no 
periodic  variations  in  the  appearance  or  brightness  of  the  zodi- 
acal cone  have  been  noticed.  The  photometric  observations 
were  only  approximate,  but,  so  far  as  could  be  judged,  the 
zodiacal  cone  each  year  went  through  the  same  series  of 
changes;  attaining  each  winter,  at  the  time  of  its  maximom 
brilliancy,  an  equal  degree  of  brightness,  and  becoming  equally 
faint  each  summer.  The  statements,  which  others  have  given 
of  its  remarkable  brilliancy  during  the  appearance  of  certain 
comets  or  other  noticeable  phenomena,  may  be  accounted  for 
on  the  hypothesis  that  at  such  times  special  attention  is 
directed  towards  a  certain  class  of  celestial  objects, — and  a 
phenomenon  generally  ignored  is  thus  brought  to  special  notice. 
The  observations  of  the  writer  tend  to  prove  the  invariability 
of  the  zodiacal  light.  The  diflference  in  its  appearance  is 
thought  to  be  due  merely  to  the  diflferent  positions  of  the  earth 
in  reference  to  it 

Nor  has  the  moon  been  discovered  to  have  any  action  upon 
the  appearance  of  the  zodiacal  cone.  The  zodiacal  cone  is  fre- 
quently sufficiently  bright  to  enable  it  to  be  seen  when  the 
moon  is  either  in  it  or  higher  in  the  heavens.  The  presence 
of  the  moon  does  not  appear  to  alter  its  shape. .  When  the 
moon  is  above  the  zodiacal  cone,  but  not  on  the  ecliptic,  it  has 
been  frequently  observed  that  the  axis  of  the  cone  points  away 
from  the  moon,  making  with  it  a  considerable  angle.  Again, 
the  cone  is  found  to  preserve  its  shape,  both  while  the  moon 
lies  within  it,  or  on  one  side  of  it,  or  when,  after  having  passed 
its  first  quarter,  the  moon  illuminates  it  from  above.  The 
widening  of  the  base  of  the  zodiacal  cone,  as  the  moon  lights 
up  the  horizon,  is  an  atmospheric  eflPect  caused  by  the  bright- 
ening of  the  **  horizon  light" 

The  writer  has  taken  several  observations  upon  the  spectrum 
of  the  zodiacal  cone.  Three  different  spectroscopes,  of  diflferent 
make,*  have  been  used  with  accordant  results.  It  was  of  interest 
to  find  that,  notwithstanding  the  brilliancy  of  the  cone  when 
observed,  nothing  whatever  could  be  seen  when  using  a  narrow 
slit, — a  fact  proving  the  truly  continuous  character  of  the  spec- 
trum. When  a  slit  of  over  a  millimeter  in  width  was  used, 
there  appeared  a  faint,  pale,  continuous  spectrum,  brightest  and 
most  abruptly  ending  at  the  less  refrangible  end,  and  gradually 

*  Browning^s  one  prism,  Browning's  direct  vision,  Baton's  direct  yision,— tiM 
last  being  the  most  satisfactory. 
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Dg  at  the  other  extremity.  The  slit  was  too  wide  to  per- 
Fraunhofer  lines  to  appear.  The  spectrum  was  of  a  pale 
mish-gray  color  throughout,  and  was  not  unlike  that  given 
late  twilight.  It  was  much  shorter  than  that  given  by 
jcted  moonlight.  The  peculiar  ashy-gray  color  of  this  spec- 
n,  which  lies  between  tne  yellow  and  the  green  of  the  solar 
jtrum,  and  forms  its  most  luminous  portion,  is  probably 
racteristic  of  all  very  faint  polychromatic  lights.  It  is  the 
portion  of  the  spectrum  to  disappear,  and  is  nearer  white 
I  any  other  color.  The  spectroscopic  observations  of  the 
»r  agree  with  the  more  careful  work  of  Smyth  and  Wright, 

point  to  reflected  sunlight  as  the  source  of  the  light  of  the 
lacal  cone. 

Tie  Zodiacal  Band — The  zodiacal  band  is  one  of  the  faintest 
ble  objects  in  the  heavens,  and  has  thus  escaped  the  atten- 

which  it  deserves.  It  may  be  described  as  an  extremely 
t  zone  of  light,  somewhat  wider  than  the  milky  way,  which, 

a  narrow  strip  of  gauze,  is  stretched  across  the  sky  along 
zodiac  from  horizon  to  horizon,  and  which  can  be  seen  at 
dmes  of  the  year  and  at  all  times  of  the  night  It  is  a  belt 
1  parallel  sides,  of  nearly  ec^ual  width  throughout,  which, 
hough  a  second  and  much  famter  milky  way,  forms  a  faint 
ongation  of  the  zodiacal  cone  across  the  sky.  It  is  most 
)rably  situated  for  observation  at  the  same  season  of  the 
r  in  which  the  zodiacal  cone  is  best  seen,  when  it  forms  a 
1  and  perfect  arch  from  east  to  west  It  is  so  faint  that  in 
3r  to  detect  it  at  any  time  it  is  necessary  for  the  observer  to 
:  out  first  the  darkest  places  in  the  sky,  shifting  the  eyes 
dly  and  continuously  along  the  sky  from  north  to  south 

the  reverse,  and  thus  by  degrees  to  narrow  the  vision  down 
;he  faint  band  of  light  upon  the  zodiac.  It  is  most  easily 
I  late  in  the  evening,  after  the  zodiacal  zone  has  sunk  below 
horizon ;  since  the  briehtness  of  the  latter  is  apt  to  dim  it 
3ontrast.  It  is  also  of  course  best  seen  when  it  makes  a 
e  angle  with  the  Via  Lactea,  or  when  the  latter  is  on  the 
zon, 

'he  zodiacal  band  is  brightest  along  an  inner  line,  whence 
ades  off  very  gradually  toward  the  edges.  When  most 
)rably  situated,  it  seems  to  be  more  sharply  defined  on  its 
i;hem  than  on  its  northern  edge,  and  in  this  respect  is 
ilar  to  the  zodiacal  cone.  Toward  midnight  the  zodiacal 
d  is  decidedly  brightest  at  the  highest  portion  of  the  arch, 
ire  it  contains  the  third  division  oi  the  zodiacal  light, — the 
snschein. 

'he  width  of  the  zodiacal  band  can  only  be  very  approxi- 
«ly  estimated.  As  generally  seen,  it  has  perhaps  a  width  of 
ut  12®.     When  low  down  toward  the  southern  horizon, 
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this  width  is  apparently  greatly  increased,  and,  the  horizon 
light  interfering,  the  whole  southern  sky  beneath  the  Via  Lac- 
tea  may  seem  illuminated.  On  rare  occasions  it  is  possible  to 
detect  an  inner  zone  of  greater  brightness,  some  2^  wide.  At 
sQch  times  the  principal  band  of  light  has  a  width  of  6^-^, 
while  beyond  and  on  either  side  a  very  diffuse  portion  meas- 
ures from  edge  to  edge  as  much  as  20°.  This  diffuse  portion 
is  particularly  noticeable  on  the  northern  edge.  It  must  be 
understood  that  each  of  these  portions  shade  by  insensible  de- 
grees  one  into  the  other,  and  that  probably  no  two  observers 
would  give  the  same  widths. 

The  zodiacal  band  lies  in  the  zodiac,  upon  or  close  to  the 
ecliptic.  The  observations  appear  to  show  that  while  its  axis 
of  greatest  brightness  is  either  on  or  very  slightly  north  of  the 
ecliptic,  the  axis  of  symmetry  is  decidedly  north  of  that  line. 
Probably  in  the  southern  hemisphere  the  reverse  would  be  the 
case. 

The  zodiacal  band  is  generally  quite  obscured  in  the  pres- 
ence of  the  moon,  but  two  or  three  observations  are  recorded, 
in  which  the  zodiacal  band  has  apparently  been  seen  by  moon- 
light. That  such  an  extremely  faint  object  as  the  zodiacal 
band  should  be  seen  by  moonlight,  as  though  illuminated  bj 
it,  is  an  interesting  fact,  which,  however,  is  not  as  yet  sus- 
tained by  sufficient  observation. 

The  (regenschein. — The  term  gegenschein,  given  by  Brorsen 
to  a  light  which  appears  opposite  to  the  sun,  but  which  has 
been  confused  by  others  with  the  eastern  part  of  the  zodiacal 
band,  is  here  limited  to  the  round  or  oval  spot  of  light  which 
nightly  appears  at  that  place  in  the  zodiacal  band  which  is 
180°  from  the  sun. 

The  writer  has  paid  particular  attention  to  the  observation 
and  careful  mapping  of  this  object  He  has  made  more  than 
forty  maps  of  its  position  among  the  stars  at  different  times,  and 
upon  subsequent  calculation,  he  has  found  that  almost  without 
exception,  the  center  of  the  gegenschein,  thus  mapped,  lies 
within  1°  or  2°  of  a  point  in  the  heavens  180*^  in  longitude 
from  the  sun. 

The  gegenschein  is  an  extremely  faint  spot  of  light  some  V 
in  diameter,  lying  in  the  zodiacal  band.  It  is  best  placed  for 
observation  about  midnight,  and  can  be  detected  by  shifting 
the  eye  backward  and  forward  along  the  zodiacal  band.  Any- 
one who  looks  for  it  in  February  and  March,  when  the  via 
Lactea  is  low  on  the  horizon,  cannot  fail  to  find  it,  first  in 
Leo  and  afterwards  in  Virgo.  Night  after  night  it  shifts  its 
place  among  the  stars,  so  as  to  keep  opposite  to  the  sun.  It  is 
of  course  invisible  when  crossing  the  Via  Lactea. 

The  gegenschein  is  decidedly  brighter  than   the  zodiacal 
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band,  although  always  much  fainter  than  any  central  portions 
of  the  Via  Lactea.  It  often  appears  to  form  an  oval  whose 
major  axis  is  parallel  to  the  ecliptic.  At  such  times  its  major 
axis  may  be  16^  in  length.  This  effect  is  probably  caused  by 
the  brightness  of  the  zodiacal  band  on  either  side  of  it,  for  care- 
ful observations  show  that  the  brighter  portion  is  approximately 
circular. 

Sometimes  a  nucleus  of  greater  brightness  has  been  noticed 
in  the  center  of  the  gegenschein.  This  nucleus  is  a  small 
definite  circular  spot  of  about  2^  in  diameter,  and  is  only  to 
be  detected  under  favorable  atmospheric  conditions.  Several 
maps  have  been  made  of  the  position  of  this  nucleus.  Gen- 
erally the  gegenschein  appears  as  a  nebulous  patch  of  equally 
diffused  light 

Perhaps  the  most  interesting  fact  concerning  the  gegenschein 
which  is  clearly  deduced  from  the  maps  of  its  position,  is  that 
it  always  lies  some  2°zb  north  of  the  ecliptic.  While  a  num- 
ber of  observations  place  its  center  8°— 4°  north  of  the  ecliptic, 
not  a  single  one  makes  it  south  of  that  line.  This  fact  will  be 
of  importance  in  a  theory  of  the  gegenschein. 

The  extreme  faintness  of  both  the  gegenschein  and  the 
25odiaca1  band  made  it  impossible  to  obtain  any  spectrum 
other  than  that  given  by  diffuse  star-light 

BSxplanaium  of  Plate. — Plato  YI  represents  those  observations  of  the  gegen- 
achein  which  were  taken  while  it  was  near  tlie  vernal  equinox.  These  observa- 
tions, made  at  different  times  and  upon  dififerent  maps,  are  here  for  the  first  time 
plotted  on  one  mi^  and  the  line  of  the  ecliptic  added.  The  bounding  lines  of  the 
different  gegenscheius  represent  boundaries  of  more  or  less  diffuse  portions ;  and 
the  various  circidar  figures  on  the  plate  are  not  to  be  regarded  as  showing  differ- 
ence in  size  and  shape  of  the  gegenschein.    They  are  merely  indices  to  locality. 

The  dates  of  observations  were  as  follows :  — 

1.  Feb.   4,   1880.  8.  Mar.  5,   1877.  19.  Apr.  5,  1880. 

2.  Feb.   4,   1878.  9.  Mar.  9,  1877.  14.  Apr.   6,  1877 

3.  Feb.  7,  1880.  10.  Mar.  16,  1877.  15.  Apr.  6,  1878. 
4-  Feb.  9,  1877.  11.  Mar.  25.  1879.  16.  Apr.  7,  1880. 
6.  Feb.  14,  1879.  12.  Mar.  31,  1880.  17.  Apr.  10,  1877. 

6.  Feb.  21,  1879.  13.  Apr.   5,  1877.  18.  Apr.  14,  1877. 

7.  Mar.  5,  1880. 

I 

77ie  Moon  Zodiacal  Light, — A  phenomenon  is  described 
under  this  head  by  Rev.  George  Jones,*  in  his  interesting 
series  of  observations  upon  the  zodiacal  light,  as  a  short,  ob- 
liqne  cone  about  in  the  plane  of  the  ecliptic,  seen  in  the  imme- 
diate proximity  of  the  moon.  He  observed  it  several  times 
just  before  moon  rise.  It  may  have  been  owing  to  an  inferior 
horizon,  but,  although  careful  search  was  made,  at  no  time 
has  the  present  writer  befen  able  to  detect  any  such  appearance. 
The  light  which  precedes  the  rising  of  the  moon  is  found  uni- 
formly to    rise    at    right  angles    to  the    horizon.     This  light 

^  U.  S.  Japan  Bzped.,  iii,  329,  et  seq. 
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spreads  out  laterally  along  the  horizon,  and  appears  to  be  a 
purely  atmospheric  effect 

Another  kind  of  *^moon  zodiacal  light"  is  described  in  a 
recent  paper  with  the  above  title  in  the  Proceedings  of  the 
American  Acad,  of  Arts  and  Sciences.*  Here  the  observer 
describes  comet-like  tails  extending  on  each  side  of  the  moon 
to  a  distance  of  8-10  times  its  diameter.  The  sky  was  soon 
after  overcast  with  dense  vapors,  and  after  all  such  vapors  had 
disappeared,  these  appearances  also  vanished.  They  were  sup- 
posed to  have  a  connection  with  both  the  zodiacal  light  and 
the  aurora. 

Similar  appearances  have  been  observed  by  the  preseDt 
writer  only  upon  similarly  cloudy  evenings,  at  which  time  dif- 
fraction caused  by  floating  vapor  might  nave  explained  what 
was  seen.  Since  such  phenomena  have  not  been  seen  on  clear 
evenings,  it  is  thought  that  these  effects  are  probably  purely 
atmospheric. 

The  writer  has  not,  as  yet,  been  able  to  recognize  in  his 
observations  any  direct  connection  between  the  zodiacal  light 
and  the  moon. 

The  aurora  appears  to  have  no  influence  whatever  upon  any 
portion  of  the  zodiacal  band. 

The  Horizon  Light — More  than  once  in  this  paper,  refercDce 
has  been  made  to  a  light  which  it  has  been  found  convenient 
to  designate  by  the  above  name.  It  has  no  connection  what- 
ever with  the  zodiacal  light;  but  since  it  is  continually  ob- 
served with  that  phenomenon,  and  at  certain  seasons  of  the 
year  blends  with  and  is  apt  to  be  confounded  with  portions  of 
it,  it  is  necessary  to  take  it  into  account.  Unlike  the  zodiacal 
light,  it  is  a  terrestrial  effect. 

The  horizon  light  is  a  faint  band  of  white  light  with  par- 
allel sides,  lying  all  around  and  parallel  to  the  horizon,  and 
separated  from  it  by  an  interval  of  darkness.  It  is  seen  on 
every  clear  night  and  at  all  times  of  the  night.  This  band  of 
light  is  most  bright  and  terminates  most  abruptly  on  its  lower 
edge.  Its  upper  edge  fades  off  very  gradually  into  the  sky. 
Its  comparatively  sharp  lower  edge  is  at  an  altitude  of  some  6° 
above  the  horizon.  The  diffuse  upper  edge  varies  in  altitude 
with  the  state  of  the  atmosphere.  On  clear  nights  it  has  prob- 
ably a  mean  altitude  of  20°±,  the  horizon  light  being  therefore 
some  15°  broad.  The  clearer  the  night  the  narrower  is  the 
horizon  light.  On  hazy  nights  it  reaches  far  up  toward  the 
zenith.  At  such  times  it  is  possible  that  artificial  earth-lights 
aid  in  its  extension.  The  horizon  light  disappears  when  the 
sky  is  overcast. 

Its  brightness  is  variable.     At  times  its  lower  portion  seems 

*  Proc.  Amer.  Acad.  Arts  and  So.,  Nov.,  1877,  p.  183. 
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ight  as  the  Via  Lactea  and  at  other  times  is  fainter  than 
egenschein.  When  the  moon  is  in  the  sky  it  becomes  ex- 
ngly  bright  and  wide,  far  surpassing  the  Via  Lactea. 
before  the  time  of  the  rising  of  the  moon  it  widens  out  on 
the  east  and  west  horizons.  Stars  arc  readily  seen 
gh  the  horizon  light  and  are  but  slightly  dimmed  in  lus- 
The  horizon  light  can  most  easily  be  detected  by  inclin- 
ie  head  toward  the  shoulder  and  glancing  from  the  zenith 
3  horizon. 

e  horizon  light  appears  to  be  caused  by  reflected  starlight 
diffuse  skylight  is  sufficiently  bright  may  be  proved  by 
g  its  power  to  cast  a  shadow. 

low  the  horizon  light  and  resting  upon  the  horizon  is  a 
space  which  we  may  designate  the  Absorption  Band,  It 
rker  than  the  sky  at  the  zenith,  and  quenches  all  faint 
.ial  lights.  The  Via  Lactea  ends  abruptly  at  its  upper 
>n  and  the  zodiacal  cone,  even  when  very  bright,  extends 
slightly  into  it  Their  comparative  brightness  may  be  es- 
ed  by  noting  how  low  down  they  penetrate  the  absorption 

No  stars  can  be  seen  through  its  lower  portion  and 
r  through  its  upper  part,  at  such  times  being  deeply 
sd.  The  moon  and  the  larger  planets  are  colored  red 
:  in  it  The  absorption  band  is  some  5^  broad,  and  is  of 
e  only  seen  when  the  observer  has  a  perfect  horizon, 
the  study  of  the  zodiacal  light  it  is  important  that  both 
lorizon  light  and  the  absorption  band  should  be  recog- 

In  the  summer,  when  the  ecliptic  is  low,  and  the 
cal  band  lies  far  down  toward  the  southern  horizon,  the 
on  light  frequently  blends  with  it,  greatly  interfering  with 
itermination.  The  two  illuminate  the  southern  sky,  and 
iifficult  if  not  impossible  at  times  to  separate  one  from  the 

• 

iclusion. — Other  observers  have  contributed  much  of  im- 
nce  concerning  the  phenomena  of  the  zodiacal  light,  and 
al  theories  of  its  origin  have  been  proposed.  No  theory 
danced  in  the  present  paper,  and,  as  the  observations  are 
continued,  these  partial  results  alone  are  presented  as  a 
ibution  to  the  store  of  facts  already  collectea  on  this  inter- 
:  phenomenon. 

lantown,  Pa.,  August,  1880. 
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Art.  XLVIir. — The  early  stages  of  Renilla;  by  Edmund  B. 
Wilson.  With  Plate  VIL — Note  from  the  Chesapeake  Zo- 
ological Laboratory  of  the  Johns  Hopkins  University. 

During  the  past  summer,  while  at  Beaufort,  N.  C,  I  had  to 
opportunity  to  study  the  development  of  the  colony  of  Renilla 
reniformis  Cuv.,  from  the  simple  free-swimming  young  to  the 
adult  stage.  Since  very  little  is  known  concerning  the  growth 
of  the  colony  in  the  Pejinatulacea  and  the  mode  oi  budding  in 
Renilla  is  somewhat  remarkable,  a  brief  abstract  of  the  observa- 
tions may  be  worth  recording.  In  a  fuller  paper,  to  be  else- 
where published,  the  intermediate  stages  will  be  figured  and 
the  anatomical  details  fully  described. 

The  young  polyp  (fig*  1)  is  ciliated,  and  at  first  swims  actively 
at  the  surface.  Two  slight  elevations,  a,  a,  indicate  the  rudi- 
ments of  the  first  pair  of  zooids.  The  septa  (indicated  by  dot- 
ted lines)  are  of  unequal  lengths  and  are  disposed  in  accord- 
ance with  a  perfect  bilateral  symmetry.  Thus,  the  pair  on  the  op- 
posite side  from  the  zooids  (which  may  be  called  the  lower  side) 
are  the  shortest,  not  extending  as  far  back  as  the  level  of  the 

f)air  of  zooids;  the  upper  pair  extend  to  the  zooids ;  the  upper 
ateral  pair  are  apparently  continuous  wiih  the  longitudinal 
septum  {s)  which  extends  to  the  extremity  of  the  body;  and 
the  lower  lateral  pair  extend  some  distance  beyond  the  pair  of  I 
zooids.  This  arrangement  of  the  septa  is  very  constant  and 
may  be  traced  up  to  a  late  stage.  And  the  mesenterial  fila- 
ments, which  appear  later,  are  of  corresponding  lengths. 

Figure  2  represents  the  young  polyp  some  time  (probably 
about  two  weeks)  afler  the  free-swimming  life  has  been  aban- 
doned. Eight  pinnate  tentacles  have  appeared,  the  lateral 
zooids  have  become  divided  into  chambers  by  the  development 
of  rudimentary  septa,  and  a  median  zooid  {h)  has  appeared  on 
the  upper  side  in  front  of  the  lateral  zooids.  The  small  or 
"  ventral "  compartment  of  each  lateral  zooid  is  on  its  outer 
side,  that  is,  the  lower  side  when  the  zooid  is  horizontally  ex- 
tended. The  corresponding  chamber  of  the  median  zooid  is  on 
its  posterior  side,  that  is,  the  side  opposite  to  the  oral  end  of  the 
primitive  poly|).  The  median  zooid  ultimately  becomes  the 
peculiar  central  zooid  through  which  the  contained  water  of 
the  colony  is  mainly  discharged ;  and  hence  the  term  "  Haupt- 
zooid,"  which  has  been  applied  to  it  by  German  writers,  is  in- 
appropriate. The  characteristic  spicules  make  their  appearance 
about  a  week  after  the  free-swimming  life  is  abandoned  at  a 
considerably  earlier  stage  than  fig.  2. 

Figure  3  represents  a  much  later  stage.     The  lateral  zooids, 


^ 
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(a,  a,  of  the  last  figure,)  have  now  well-developed  tentacles,  and 
four  new  pairs  of  zooids  have  appeared.  Of  these  the  first  to 
appear  are  the  pair  6,  b,  behind  the  primary  pair ;  they  are  fol« 
lowed  by  c,  c,  in  front  of  the  primary  pair,  and  these  by  rf,  rf, 
still  farther  forward.  The  fifth  pair  e,  c,  appear  in  the  angle 
between  a^  a,  and  6,  h.  Besides  tliese,  whien  all  develop  into 
sexual  zooids,  a  pair  of  rudimentary  zooids,  r\  r\  have  ap- 
peared, and  also  an  odd  one,  r",  which,  however,  has  normallj 
a  fellow  on  the  opposite  side. 

The  subsequent  development  consists  in  the  growth  of  these 
sexual  zooids,  the  constant  development  of  new  ones  in  the 
angles  between  contiguous  preexisting  sexual  zooids,  and  the 
appearance  of  a  series  of  rudimentary  zooids  on  the  upper  side 
oi  each  sexual  zooid.  And  at  length  each  rudimentary  zooid, 
with  exception  of  the  median  "  Hauptzooid,*'  multiplies  to 
form  a  group  of  similar  zooids. 

Comparison  of  the  foregoing  figui'es  with  fig.  4  (which  rep- 
resents a  much  later  stage  in  a  state  of  contraction)  will  make 
this  process  clear.  The  zooids  are  lettered  as  before.  There 
are  six  pairs  in  front  of  the  primary  pair,  and  likewise  six  pairs 
behind  them.  Each  zooid  of  the  primary  pair  is  now  directed 
more  or  less  upward,  and  the  two  adjacent  zooids,  g  and  t,  have 
nearly  met  behind  it.  The  oral  extremity  of  the  primary 
polyp,  x>,  is  at  the  edge  of  the  disc  and  is  still  directed  straight 
lorwara.  In  time,  however,  it  is  gradually  directed  upwwd, 
and  the  two  adjacent  zooids  uniting  behind,  it  becomes  wholly 
included  in  the  disc  which  continues  to  expand  beyond  it.  By 
a  similar  process  each  of  the  marginal  zooids  is  gradually  in* 
eluded  in  the  disc  and  comes  to  arise  from  its  upper  surface. 
Exception  must  however  be  made  in  the  case  of  the  posterior 
pair,  ff;  these  remain  always  marginal  because  no  zooids 
are  developed  in  the  angles  between  them  and  the  primary 
polyp.  From  this  circumstance  results  the  posterior  interrup- 
tion in  the  continuity  of  the  margin  of  the  disc  and  the  conse- 
quent reniform  shape  of  the  colony. 

The  mode  of  budding  exhibited  by  the  rudimentary  zooids 
is  curiously  like  that  of  the  entire  colony  ;  so  that  each  group 
of  rudimentary  zooids  is,  in  a  certain  sense,  a  miniature  repe- 
tition of  the  whole  colony.  As  might  be  expected,  there  is 
some  irregularity  in  the  multiplication  of  these  zooids ;  and  the 
following  description  applies  to  the  most  usual  method  as  de- 
termined by  the  study  of  a  large  number  of  cases. 

Figure  5  gives  an  enlarged  view  of  one  of  the  simple  zooids 
shown  in  fig.  4.  The  small  median  chamber  (which  may  as 
before  be  called  the  lower  chamber)  is  always  turned  approxi- 
mately toward  the  center  of  the  disc,  that  is,  away  from  the 
oral  extremity  of  the  sexual  zooid  on  which  it  is  situated. 
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In  fig.  6,  the  rudiment  of  a  new  zooid,  A,  has  appeared  on 
the  upper  side  of  the  primary  one.  Id  fig.  7  this  is  fully 
developed  and  two  lateral  zooids,  a,  a,  have  appeared. 

The  group  may  now  be  compared  with  the  entire  colony  as 
shown  in  fig.  2.  In  both  there  is  a  larger  primary  zooid 
with  a  pair  of  lateral  zooids  and  a  central  zooia  on  the  upper 
side.  Moreover,  it  is  important  to  observe  that,  in  both,  the 
lower  (or  smaller)  chamber  is  turned  away  from  the  center  of 
the  group.  In  other  words,  the  zooids  are  not  only  grouped 
in  the  same  manner  but  their  axes  have  the  same  relation  to 
each  other. 

In  the  next  typical  stage,  fig.  8,  four  new  zooids,  c,  c,  d,  d, 
have  appeared  in  the  angles  between  the  four  preexisting 
zooids,  and  in  these,  also,  the  small  chamber  is  turned  away 
from  the  center  of  the  group. 

Very  soon  after  this  stage,  many  of  the  individual  zooids  be- 
come themselves  centers  of  multiplication  and  according  to  the 
same  law  as  before.  A  study  of  figure  9  (which  represents  an 
almost  fully  developed  group)  will  show  this.  Thus  p  is  the 
primary  zooid,  h  the  central  or  upper  zooid  (which  might  be 
compared  to  the  "  Hauptzooid  "  in  respect  to  its  relation  to  the 
group),  and  a,  a  the  primary  lateral  pair  which  are  still  undi- 
video. 

As  in  fig.  8,  d  and  d  are  simple ;  but  c  and  c  have  themselves 
become  secondary  centers  of  multiplication.  On  one  side,  c  has 
become  a  group  of  four  (exactly  like  the  entire  group  in  fig. 
7) ;  and  on  the  other  side  the  corresponding  zooid  is  repre- 
sented by  a  group  of  two.  Besides  these,  two  incomplete 
groups,  e  and/  have  appeared. 

Briefly  summarizing  the  points  of  interest: 

1.  The  larva  exhibits  a  stix^ngly  marked  bilateral  symmetry. 

2.  The  colony  is  perfectly  bilaterally  symmetrical  up  to  a 
late  stage. 

8.  Both  sexual  and  rudimentary  zooids  bud  in  the  same 
way. 

4.  The  peculiar  central  zooid  of  the  colony  is  not  the  pri- 
mary polyp  but  a  secondary  zooid ;  the  term  "  Hauptzooid  is 
therefore  a  misnomer. 

5.  The  posterior  (V.  e.  aboral)  part  of  the  body  of  the  primary 
polyp  persists  as  the  peduncle  of  the  colony. 
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Art.  XLIX. — Oeological  relations  of  the  Limestone  Belts  of 
Westchester  County,  New  York;  by  James  D.  Daka.  (With 
Plates  VIII  and  tX.) 

[Continued  fVom  page  375.] 

3.  7%€  Limestones  and  the  conformably  associated  rocks  of  West- 
chester County  and  New  York  Island  a/re  Lower  Sihtrian  m 
age — the  Cambrian  or  Primordial  being  here  included. 

No  evidence  with  regard  to  the  age  of  the  Westchester 
County  and  New  York  Island  limestones,  and  the  conformably 
associated  rocks  (gneisses  of  various  kinds,  mica  schist,  honi- 
blende  schist,  etc.),  can  be  wholly  satisfactory  that  is  not  based 
on  fossils.  But  the  fossils  may  exist  at  points  outside  of 
the  region  if  only  they  are  within  the  same  system  of  conform- 
able strata  or  formations.  This  kind  of  evidence  as  to  the  age 
of  these  rocks  is  afforded  in  three  ways  : 

First:  by  the  relations  which  exist  between  the  limestone 
areas  and  schists  of  this  county  and  those  of  Western  New 
England  and  Eastern  New  York  to  the  north. 

Secondly:  by  the  special  relations  between  the  areas  of  north- 
western Westchester  County,  south  of  the  Putnam  Coantj 
Archaean,  and  those  of  Dutchess  County,  north  of  it. 

Thirdly:  by  the  relations  of  both  the  Westchester  and 
Dutchess  County  rocks  to  those  westoi  the  Hudson  in  Southero 
New  York  and  Northern  New  Jersey. 

The  age  to  which  the  facts  from  these  different  sources  point 
is  the  Lower  Silurian.  The  Cambrian  or  Primordial  era  is 
here  included  with  the  Lower  Silurian  because  in  the  geolc^ 
of  the  region  there  is  no  possibility  of  separating  them:  more- 
over, no  stratigraphic  or  paleontological  reason  for  the  separa- 
tion is  afforded  by  the  geology  of  North  America,  and  little 
too  by  that  of  Great  Britain  where  the  separation  was  first 
made. 

1\  Relations  to  the  limestone  areas  and  associated  schists  of  the 
regions  to  Hie  nori/i, — In  order  that  the  facts  under  this  bead 
may  be  appreciated,  I  have  brought  together  in  one  nsap 
(Plate  VIII)  the  southern  portion  of  the  Green  Mountain  regioD, 
from  the  northern  boundary  of  Connecticut  to  New  York 
Island.  The  northern  portion  of  the  map  was  published  with 
my  paper  on  Dutchess  County  ;*  the  rest  is  the  Westchester 
County  map  (Plate  V)  reduced  to  the  same  scale,  or  that  of 
ten  inches  to  the  mile.  The  limestone  areas  of  the  Connecti- 
cut portion,  east  of  Dutchess  County,  N.  Y.,  are  mainly  from 

♦  This  Journal,  III,  xvii,  375.  May,  1879. 
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Percivars  map  of  Connecticut,  as  stated  in  my  former  paper 
But  those  of  the  vicinity  of  Danbury  and  Ridgefield,  which 
have  eminent  importance  because  they  are  the  connecting  links 
between  the  two  portions,  I  give  from  my  own  observations.* 

In  the  first  place,  this  map  seems  to  announce  most  emphati- 
cally a  unity  of  system  from  the  north  to  New  York  Island. 
The  limestone  formation  which  comes  down  from  Vermont  and 
enters  Connecticut  in  great  force,  continues  on,  with  every 
appearance  of  oneness,  to  the  belts  of  New  York  Island ;  and 
the  special  facts  with  regard  to  the  relative  positions  of  the 
associated  schists  prove  that  what  is  true  of  tne  limestone  is 
true  also  of  them. 

Now,  to  the  north  in  the  western  half  of  Vermont,  where 
these  limestones  and  schists  are  least  crystalline,  they  have 
aflForded  many  fossils,  including  Corals,  Crinoids,  Brachiopods, 
Grasteropods  and  Trilobites,  of  Trenton,  Quebec  and  Calciferons 
age,  so  many  kinds  and  under  forms  so  little  disguised  by 
metamorphism  that  the  Lower  Silurian  age  of  the  limestone 
and  of  the  associated  schists  is  placed  beyond  reasonable  ques- 
tion.f  Again,  along  what  may  be  called  the  middle  of  the 
range,  in  its  western  half  over  Dutchess  County,  where  again 
the  limestones  and  schists  are  least  ctystalline,  that  is,  least 
altered,  the  limestones  have  afforded,  at  various  points  between 
Poughkeepsie  and  the  Taconic  range,  numerous  Trenton  and 
Calciferons  fossils — Corals,  Crinoida,  Brachiopods,  Gasteropods, 
Orthocerata,  Receptaculites  and  Trilobites  ;:f  and,  besides,  the 
associated  schists  of  Poughkeepsie  have  yielded  several  species 
of  Hudson  River  Brachiopods ;§  so  that  a  Lower  Silurian  age 
for  the  limestones  and  schists  has  become  a  certainty.  In  addi- 
tion to  the  facts  already  published  I  have  learned  from  Profes- 
sor W.  B.  Dwight,  in  a  letter  dated  October  26th,  of  his  recent 
discovery  of  fossils  (Orihis  tesludinaria^  0.  peciinella,  Chcetetes 
compacta,  crinoidal  columns,  etc.)  in  the  Wanpinger  valley  lime- 
stone three  miles  directly  south  of  Vassar  College. 

*  Percivars  limestone  areas  often  embrace,  as  has  been  explained,  large  areas 
of  comformable  schist  (all  that  are  contained  within  the  outer  limits  of  the  lime- 
Btone) ;  and  in  the  Ridgefield  part  of  the  map  the  positions  of  the  areas,  as  a 
consequence,  wholly  fail  to  be  indicated.  There  are  similar  interpositions  of 
Bchist  in  his  broad  Canaan  area ;  but  these  follow  the  lino  of  strike  of  the  area, 
and  hence  the  absence  of  detail  does  not  affect  the  question  before  us.  I  purpose 
to  work  out  the  limits  of  the  formations  in  Canaan  and  the  adjoininp^  towns  an- 
other season ;  and,  at  the  same  time,  to  attempt  to  map  the  Arcbeean  which  exists 
in  isolated  areas  to  the  soutli  of  Canaan,  and  is  the  occasion  of  the  abnormally 
curving  courses  in  the  vicinity  of  Danbury  and  Ridgefield. 

fThis  Journal,  HI,  xiii,  332,  1877. 

\J.  D.  Dana,  ibid.,  xvii,  378 ;  W.  B.  Dwight,  ibid.,  xvii.  393,  xviii,  60,  1879. 

gT.  NelBon  Dale,  ibid.,  xvii,  57,  January,  1879.— It  cannot  be  mferred  from 
these  fossils  from  the  vicinity  of  Poughkeepsie  that  the  hydromica  and  mica  schists 
or  slates  of  Dutchess  County,  or  even  the  argillyte-like  kinds,  are  wholly  of  the 
Hudson  River  group ;  on  the  contrary,  part  may  be  Primordial. 
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If  the  Green  Mountain  limestone  formation  is  to  this  extent 
Lower  Silurian,  it  is  probable,  in  view  of  the  apparent  tu^t^- of 
system,  that  this  is  true  down  to  its  most  aoatbem  lupHtin 
New  York  Island.  ,    . , 

2.  Special  relations  between  the  limestone  areajs  of  NcrOumtm 

Westchester  County  and  those  of  Dutchess  County. — The  .'BOTlh- 

western  limestone  areas  of  Westchester  County  are  pomad  ia 

trend,  and  are  plainly  of  the  same  general  syatem  wMb  .Jhe 

others  of  the  county.     They  afford  the  following  ftotiL  . 

(1)  The  limestones  and  associated  slates  of  noi  tliWjpteia 
Westchester  County  are  closely  like  those  of  westeni  and 
southwestern  Dutchess  County  in  their  semi-cryatalDioe  epodi- 
tion  and  aspect,  so  closely,  thatt  were  the  interuenvm  Anktm 
away,  no  one  would  suspect  any  difference  of  age  or  syaitmi  .  The 
southern  of  these  two  regions  looks,  as  resarda  ita  nicia 
an  uninterrupted  continuation  of  the  nortnern.  Tbia  f 
blance  descends  to  detaila  For  auartzyte  ocean  with  ,the 
slightly  crystalline  limestone  and  siate  of  eaoh,  a4]oiniiy  the 
Archsean  :  as  if  precisely  the  same  seashore  work  were  then  floing 
on  simultaneously  on  the  north  and  south  sidea  of  the  Bjigh- 
land  peninsula  now  known  as  Putnam  County.  Further,  ■qaaof 
the  quartzyte  in  both  regions  is  granitic  or  gneiaeio  thimgii 
the  presence  of  feldspar  and  some  mica,  showing  joat  (hose 
variations  in  the  character  of  the  material  transportM  bj  tor- 
rents from  a  region  of  gneiss  and  granite  that  would  nftardly 
have  taken  place. ''^  Such  a  correspondence  in  the  rocla  of  the 
two  regions  is  in  harmony  with  the  idea  of  identity  in  age;  and 
the  fossils  of  Dutchess  County  would  make  it  identity  in 
Lower  Silurian  age. 

The  evidence  of  Lower  Silurian  relations  becomes  the  more 
remarkable  the  closer  those  are  studied.  In  Dutchess  Couutv, 
in  the  Fishkill  limestone  belt,  at  points  between  East  Fishkill 
(E,  map,  Plate  VIII)  and  Shenandoah  Corners  (S),  the  limestone 
is  partly  a  white  fine-grained  variety,  and  partly  a  bluish  gray 
scarcely  crystalline  rock;  and  the  latter  (at  a  place  J  mile  N. 
of  Shenanaoah  Corners)  afforded  me  (in  an  excursion  made  since 
the  publication  of  my  Dutchess  County  article)  large  shells,  of 
a  Stropliomena,  like  aS'.  altemata^  distinct  in  form  though  dis- 
guised by  pressure  and  slight  alteration,  indicating  for  the  beds 
a  Trenton  age.  A  little  to  the  south,  between  Shenandoah  Cor- 
ners (S)  and  Ilortentown  (H),  where  the  limestone  extends  up 
a  valley,  openings  have  been  made  for  limonite  and  kaolin  (as 
elsewhere  along  belts  of  Green  Mountain  limestone),  and  near 
Hortentown  beds  of  quartzyte  have  been  exposed  in  the  exca- 
vations. The  quartzyte  (like  that  east  of  Matteawan,  nearer 
the  Hudson)  lies  between  the  limestone  and  the  Archaean. 

*  ThiB  Journal,  zvii,  386,  1879,  and  zz,  24,  214,  1880. 
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ZJnea^M  Btlk^J  WeBtehester  County^  K  T.  4S& 

PaflflVQg  south  from  Hortentown  ov^  Archaean  rocks  for 
Miles t('in  a  direct  line)  l>be  first  of  the  limestoive  outcrops 
«p  PeekskiiJI  EkJkm  is  reached;  ai>d  ihe  rock  where  most 
^rj^AaUane  is  «iKlistifig4iishabIe  from  ihe  whiibe  fine-grained 
iMBMtone  ol  Bast  Fisbkill ;  .moreover,  it  is  accomipanied  by  a 
^pelK>bed(fod  qqartzy^^  which  aiffords  good  fiki;bs  for  tlie  floors 
ml  iaroaces.  3M»e  Jimestone  jnaj  have  ooce — before  denuda- 
tion began  its  long  work — extended  farther  northward  lowArd 
Stttckeas  0<>a«ty.  But  whether  so*  or  not,  the  similarity  of  the 
iimestooesof  the  two  regiona,  and  especially  the  aimilar  associa- 
tmvn  wiih  qwartcvte,  add  weight  to  ihe  argument  foraameness 
of  ^eok^eal  ^ge.  Like  the  qiuirtzyte  of  Dutchess  County, 
tfaai  to  the«ou^h  ia^  i^M  probHbility,  the  Potsdam  sandstone; 
Mhl  as  the  lvn»esitottes  of  Dutchess  County  inc^.Iude  beds  of 
Ae  Cakafero4)«  as  well  as  the  Trenton,  -as  proved  by  fcsails,  so 
afae  limesU»ies  of  Westchester  County  oiaay  •nave  the  same  range; 
OR,  if  aot  the  whoi^e,  n^ay  cover  at  least  the  earlier  part  of  the 
2j0wcrr  Silurvian  This  true,  the  conformably  associat<*d  schists 
of  Westclnjster  Oouniy  are  Lower  Silurian  in  age,  whatever 
Jibeiir  cosifHeness  of  crystaUlzatioii,  whether  mica  schist,  gneida, 
oranyihifig  elae. 

S.  HelmfiS'HS  •ef  ifte  Wesic/teMer  and  Dufcheffs  County  areas  to 
Mate  we&i  of  ihe  Huieon  in  JSouihern  Mew  York  and  Northern  New 
Jen§r3h — ^'^  illustrate  these  relations  I  have  introduced  a  map 
^iate  IX)  represejiting  the  latter  r^on.  This  map  is  reduced 
Jkmbi  the  excellent  geological  atlas  of  New  Jersey  published 
by  PiTofessor  George  H.  Cook,  the  director  of  the  geological 
JKirveyof  that  Stata^  For  the  small  northern  portion  about 
Hewburgh,  I  4xm  indebted  to  Professor  W.  B.  Dwight  of 
Poughkoe^psie.  Its  areas  are  explained  underneath  the  title. 
The  part  between  ihe  Hudson  Bzver  and  ihe  Archaean  which  is 
Jaft  in  black  is  Triassic. 

On  com{i»aring  the  two  maps  (Plates  YIII  and  IX),  it  is  at 
oace  obvious  that  the  slates  and  limestones  of  Dutchess  County 
are  continued  south  westward  in  those  west  of  the  Hudson. 
This  is  so  litholc^ically.  More  than  this,  it  is  so  strati- 
gri|»hioa]ly  and  paleontologically ;  for  Lower  Silurian  fossils  like 
lihoee  of  Dutchess  County  have  been  found  in  both  the  slates 
and  limestones  between  Poughkeepsie  and  the  Newburgk 
fwioi.f  Professor  Dwight,  in  his  letter  of  October  26th,  above 
netred  to,  atates  that  he  had  that  day  found,  three-fourths  of 
a  mile^outh  of  Washington  Lake  (the  lake  in  which  the  New- 
burgh  Timestone  terminates),  the  gritty  beds  of  the  date  crowded 
with  fcMHHls,  aniOQg  which  Gfrth%8  testudinnria  was  most  abundant 

*  Otology  of  Naw  Jera^,  George  fl.  €ook,  State  Geologist  900  f^.  8vo,  wifii 
A|[8olofdcal  AUaa.      Newark,  1868. 

fT.  NelaoD  Dale,  this  Jouro^  xvii,  £9,  1879;  W.  B.  Dwight,  ibid^  six,  50,  45t 
1880;  B.  P.  Whitfield,  ibid.,  xviii,  227,  1879. 
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From  the  map  (Plate  IX)  it  is  also  obvious  that  these  same 
slates  and  limestones,  along  with  more  or  less  quartzyte, 
stretch  on  almost  continuously  southwestward  through  Sew 
Jersey.  Much  of  the  limestone  is  bluish  *'  magnesian  lime- 
tone,"  uncrystalline  or  slightly  crystalline,  described  by  Profes- 
sor Cook  as  Calciferous,  and  not  yet  found  to  be  fossiliferous; 
but,  besides  this,  there  are  Trenton  beds,  in  which  fossils  have 
been  detected  at  various  points.* 

Further,  the  two  belts  of  limestone  and  slates  of  Dutchess 
County  are  separately  continued  along  and  through  the  New 
Jersey  Highlands.  The  Wappinger  Valley  (or  Barnegat)  belt, 
passing  within  a  mile  of  Newburgh  on  its  southwestward 
course,  is  continued,  though  with  interruptions,  in  the  large 
limestone  area  lying  partly  along  the  western  side  of  the 
Archaean  and  partly  within  its  great  western  longitudinal  val- 
ley, and  reaches  the  Delaware  River  near  Belvidere;  and  it  is 
described  by  Professor  Cook  as  having  Trenton  fossils  near 
Middleville,  Branchville,  Newton,  Huntsville,  Stillwater,  Belvi- 
dere, and  at  other  places.  So  again,  the  Fishkill  belt  with  its 
associated  quartzyte  (the  latter  outcropping  at  several  pointi 
between  the  limestone  and  the  Putnam  County  Archaean),  is 
plainly  continued  in  the  limestone,  slates  and  quartzyte  of  the 
nearly  central  longitudinal  valley  of  the  Highland  Archaean, 
the  great  valley  that  includes  Greenwood  Lake  and  German 
Valley  and  ends  in  the  limestone  on  the  southern  border  of 
the  Archaean  about  Clinton.  Only  a  little  limestone  is  indi- 
cated along  the  belt  on  the  map;  yet  it  outcrops  at  several 
points  (marked  L)  besides  in  other  larger  areas,  notwithstand- 
ing the  losses  from  ages  of  denudation  ;  and,  at  Upper  Long- 
wood  and  Newfoundland  it  has  afforded  Trenton  fossils,f 

The  extension  of  Dutchess  County  belts  southwestward 
through  old  longitudinal  valleys  of  the  New  Jersey  High- 
lands, and  along  the  west  side  of  the  Highland  Archaean,  has 
its  parallel  in  connection  with  Westchester  County  belts. 
For  the  Canopus  Hollow  and  Fishkill  Hollow  belts  o<xjupy 
northeast-and-southwest  Archaean  valleys  of  Putnam  County; 
and  thence  the  rocks  of  these  belts,  but  slightly  crystalline 
near  Peekskill,  extend  southwestward  along  the  eastern 
border  of  the  New  Jersey  Highlands,  outcropping  as  mag- 
nesian limestone  or  the  Calciferous  (as  so-called  by  Cook) 
along  by  Tompkin's  Cove,  and  also  farther  southwest,  in  spite 

•  Geol.  Rep.  N.  Jersey,  p.  131 :  and  on  the  *'  Magnesian  limestone  which  is  the 
Oalciferous  sandstone  of  the  New  York  Geologists,"  pp.  90-180. 

t  Loo.  cit.,  p.  133,  134.  The  fossils  reported  from  the  impure  limestone  asso- 
ciated with  Hudson  River  slate  at  Upper  Longwood  are  ChoRtetes  lycoperdim^ 
Orthis  Ustudinaria  and  Sirophomena  altemata.  The  Lower  Silurian  rodcs  of  this 
Arohsean  valley  are  accompanied,  west  of  Greenwood  Lake,  by  shale  and  con- 
glomerate, which  are  referred  by  Professor  Cook  to  the  Upper  Silurian. 
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le  thick  covering  of  Triassic,  east  of  Ramapo,  and  beyond  in 
large  limestone  area  of  Pepack.     These  **  magnesian  lime- 
es"  have  not  yet  aflforded  fossils,  but  their  Lower  Silurian 
is  unquestioned, 
ew  Jersey  thus  throws  light  upon  Westchester  rocks  as 

as  those  of  Dutchess  County ;  and,  in  fact,  into  all  Green 
in  tain  geology,  for  these  New  York  and  New  Jersey  beds 

but  western  and  southwestern  prolongations  from  the 
m  Mountain  region. 

Conclusions. 

rom  the  distributional,  stratigraphic  and  paleontological 
J  which  have  been  presented  the  conclusion  appears  to  fol- 
that — 

he  limestone  of    Westchester    County  and  New   York  Island 
the  conformably  associated  meiamorphic  rocks  are  of  Lower 
nan  age, 

lould  it  be  made  certain  that  all  the  magnesian  limestone 
be  New  Jersey  Lower  Silurian  is  Calciferous,  there  will  be 
3  reason  for  the  inference  that  the  limestone  of  West- 
ter  County,  since  it  is  magnesian,  is  Calciferous  or  of  the 
er  part  of  the  Lower  Silurian.  The  schists  may  be  either 
er  or  later  than  the  limestone. 

nally,  in  view  of  all  the  facts  from  the  length  and  breadth 
be  ween  Mountain  region  which  are  brought  out  in  this 
previous  papers,  comes  the  broader  conclusion  :  . 
he  limestone  and  the  conformably  associated  rocks  of  the  Ghreen 
ntain  region  from  Vermont  to  New  York  Island  are  of  Lower 
rian  age. 

be  evidence  which  has  been  adduced,  though  then  but 
[y  discerned,  led  Professors  W.  B.  and  H.  D.  Rogers  and 
essor  W.  W.  Mather,  forty  years  since,*  nearly  to  the  re- 
here  reached.  The  discoveries  of  fossils,  together  with 
study  of  the  stratigraphical  facts,  have  now  cleared  the 
for  a  safe  scientific  deduction. 

lese  Westchester  County  rocks  have  been  pronounced 
talban.  I  know  of  no  facts  sustaining  such  a  conclusion, 
•ue,  it  would  follow,  from  the  above,  that  the  original 
talban  rocks — those  of  the  White  Mountains — also  are 
er  Silurian. 

remains  to  add  a  few  words  on  the  origin  of  the  rocks  of 
*  Cortlandt  Series." 

rofessors  Rogers,  Amer.  Phil.  Soc.,  Jan.  1,  1841,  and  this  Jour.,  iv,  1872,  p. 
Mather,  Rep.  Geol.  N.  York,  4to,  1842,  pp.  438,  464,  628,  and  this  Jour., 
(88,  1879. 


4M         B,  S.  WOKams^lifr  Bisbtyt  cfS^it^  Imnt. 


i^Bppdsmmt/BLry  nei$  9n  (he  DkttflMi^n  cf  tbe  bet^  Oj 
have  gPTe«s  on  pftge  36S,  probab}^  cridence  tkmte  tiir  £»•> 
stoD^ftrea  of  n4)rth«rn'  Ne\r  York  7daii«P  ha&  an  easters  diwisioa 
extending  down  Harlem  River  to  Eighth  Av«»«e.  I  Wve-siBit 
leanwd,  from  Mr.  Benjamin  Si  Ghu^refa,  Kembnt  EnffiiMar  in 
obarge  ot  the*  New  Yopk  GrotoD  Water  Weivks^  tW  eenttrmtt 
iKfrj  faet  irbat  three  of  the  piersr  of  High«  Beidge  (ih«'  Clwlea 
aqueduct  brid^  over  the  Harlem,  erossing  il  Bear  the  nuddlt 
of  this  part,)  stand  on  limestone  in  place,  I  prepeec  io  pub- 
lish, in  connection  with  the  Appendix  to  this  paper,  an  enlarged 
oiap  of  the  north  end  of  the  Inland  and  of  the  southern  partof 
Westchester  County,  giving  my  observatfons  hi  detail 

(To  be  coDtinaed.) 


Art.  L. — Abstract  of  some  Paleontological  studies  o/theiJUfa. 
^  Spibifsr  ljkvis  K  ;  by  Professor  E.  S.  WiLiuiAlf^  of 
Cornell  University.* 

A  eABEFUL  study  o£  thi»  efaaaractei!  and  modeeC  aceuiaeMi 
of  l^rifer  loems  H.,  of  the  Pontage  fpromp*  of  TStw  Yock  Sm% 
and  comparison  of  it  with  otbcr  speetes  oi  i\».  genaa^  has  lad  t» 
tha  observation  of  some  iiiterealing:  faetS(  boarinip  ^SP^  ^^ 
probable  history  of  the  speciies  ws  geological  timet  The  ori^ 
inal  article  embodying  the  results  oi  lay  study  wa»  voad  bt&re 
tbe  Cornell  Philosophical  Society  last  spring.  Only  a  brief 
abstract  c^  some  of  thje  inrportarst  poi-nts  willi  be  attenpteA  m 
the  present  article,  hoping  at  some  future  time  to  pdbUsk  ibe 
reaults  in  full  detail. 

The  im^^rtant  characters  of  the  species  were  gatbeced  radir 
seven-  heads^  each  of  which  could  be  examfned  and  comfiand 
separately  with  like  characters  in  other  speciea 

These  were:  (1)  Form  and  proportiona  of  the  ^lell;  (^ 
the  size;  (8)  the  prominence  and  over^arching  of  the  beak; 
(4)  the  short  and  high  cardinal  area;  (&)  the  trian^lar  aper- 
ture covered  by  an  arched  pseudo-deltideum.  -  (6)  the  smooth- 
ness (not  plicated)  of  the  surface  ;  (7)  the  conceoirie  setiea  of 
minute  raaiating  lines  covering  the  surface. 

A  careful  deterniin:ition  of  these  characters  ae^  fonndi  io 
Spiri/er  toevts  was  made,  and  the  last  character  was  speeiallj 
noted  and  described. 

These  concentric  series  of  fine  radiating  lines  have  not  been 
recorded  as  charactenstic  of  the  species,  and  so  far  aa  I  know 
have  not  been  observed  by  any  writers  on  the  Devonian  Brachi- 
opods.     Nevertheless  it  is  an  all-important  character  to  be  ob- 

*  Prepared  for  thiB  Journal  by  the  author. 
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Mnred  in  making  comparison  with  other  forms.  After  pohitr 
tog  oat  the  specinc  characters  of  S.  Icevis  I  give  the  results  of 
k  minute  eomparison  of  them  with  those  of  S.fimhriatu9  at  the 
Bamilton  and  earlier  formations. 

This  eomparison  has  left  little  doubt  that  a  genetic  relation- 
Aip  exists  oetween  S.  Icevis  and  the  earlier  form,  S,  Jimbriatus. 

Then  an  examination  was  made  of  the  relationship  of  several 
ipeeiea  of  the  preceding  geological  formations  to  the  tnrpical 
brm  9»  characteristic  of  each  of  the  former  speciesy  and  tiius 
^cpveseotatives  of  the  type  were  discovered  in  each  of  the  fos- 
lihierous  formations  back  to  the  Niagara. 

Id  the  Niagara  group  was  found  the  earliest  trace  of  tdie 
(oaibination  of  characters  found  to  be  essential  in  S,  Jmvia  and 
%trAriatas  and  the  other  representatives  seen  in  the  interme- 
liate  formations^ 

The  species  which  appears  to  be  the  central  type  of  the  orig- 
iBal  primitive  species  is  Spirifer  crispus  Hisinger,  of  the  Niag- 
■fPft  formation,  of  which  I  presume  S.  bicostaius  H.  may  be  re- 
garded but  an  extreme  variety,  and  S.  sulcaius  Hia  (at  least  in 
?iFt  as  referred  by  Hall),  the  extreme  variety  on  the  other  side. 
he  peculiarities  of  this  species  (*&  crispus  His.)  are  very  great 
tbunaance  and  wide  dislribuiioTi  in  the  formation  in  which  it 
first  appears.  It  being  a  characteristic  species  of  the  formation 
wherever  represented,  in  England  and  at  several  localities  in 
Bnrope. 

Wnereit  does  appear,  it  also  assumes  great  variation  ofcharac- 
tera^  so  that  the  three  species  in  America,  S,  crispus,  &  bicostatus 
ftnd  &  sulcaius,  while  good  species  in  small  collections,  are  rec- 
ognized, even  by  Hall  as  bordering  on  each  other  in  some-  of 
Bbeir  varietal  forms. 

Also  the  three  species  recognized  by  Davidson  in  Great 
Britarit  {S.  sulcatus,  >4f.  elevatus  Dal  man  and  &  crispus),  corres- 
ponding in  the  main  to  the  extreme  forms  identified  by  Hall 
m  this  country,  are  regarded  by  Davidson  as  doubtfully  dis- 
tinct species  (see  Brit  Sil.  Brach.,  pp.  91  to  98)  on  account  of 
the  variations  and  intermediate  forms.  I  have  also  traced  out, 
as  well  as  the  limited  material  at  hand  would  allow,  the 
relationship  to  &  glaher  Martin  and  other  Carboniferous  forms. 

The  study  of  the  facts  has  led  me  to  the  following  cone! u- 
sioii&  Whatever  theoretical  description  we  may  give  to  species, 
bene  are,  in  the  first  place,  an  abundance  of  individual  organ- 
isms whose  remains  are  found  in  the  Upper  Silurian  rocks  of 
Sarope,  Great  Britain  and  America,  presenting  a  few  clearly 
narked  distinctive  characters,  which  are  found  variously  de- 
eloped  in  the  individual  forms,  but  so  grading  in  the  various 
arrettee  as  to  cause  careful  naturalists^  to  associate  them  as 
ortetiee  of  a  single  species.     There  are  well  marked  typical 
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characters  distinguisliinff  all  the  individuals  from  other  forms 
of  the  same  genus,  together  with  great  variability  of  the  charac- 
ters themselves.  In  the  upper  part  of  the  Upper  Silurian  we 
find  the  same  typical  characters,  with  a  greater  permanence  of 
one  or  other  of  the  variations ;  but  still,  in  the  variations  occur- 
ring later  in  the  Comiferous  and  Hamilton,  we  have  the  main 
type  represented  with  some  variations  strongly  marked  and 
seeming  to  be  fixed,  but  still  recognized  as  varieties  simply. 

In  the  Portage,  we  see  under  peculiar  conditions  a  solitary 
race  of  the  type  with  greatly  exaggerated  size,  a  luxuriant 
form,  but  still  presenting  the  typical  characters  of  the  second 
varietal  type. 

In  the  Carboniferous  we  meet  with  several  well  marked 
varieties,  but  no  feature  which  did  not  appear  in  the  early 
form  except  large  size,  which  is  evidently  a  mark  of  good  nour- 
ishment and  otner  good  conditions  of  growth.  This  latter 
seems  to  be  a  character  of  most  of  the  Carboniferous  forms  of 
Brachiopods  which  have  lived  on  from  earlier  times.  There 
may  be  unknown  characters  to  distinguish  these  forms,  but  of 
the  characters  that  are  preserved  we  have  evidence  that  in  the 
earliest  form,  the  type,  S,  crispus  His.  of  the  Niagara,  etc.,  are 
found  all  those  which  afterward  appeared  in  the  later  repre- 
sentatives. 

These  characters  appeared  in  combination  in  a  single  group 
of  individuals,  living  in  one  class  of  conditions,  in  such  circum- 
stances as  seem  to  warrant  our  calling  them  one  physiological 
species  in  the  sense  of  being  able  fertilely  to  cross  with  each 
other,  this  being  the  explanation  of  the  gradation  of  one  form 
into  the  other  noted  by  Davidson.  This  presumed — that  we 
had  a  single  species  to  begin  with — we  have,  by  intercrossing 
and  by  local  conditions  modifying  the  offspring,  well  defined 
groups,  which  would  be  called  races  if  we  knew  their  history 
but  which  are  called  species  because  they  appear  at  so  widely 
divided  geological  periods. 

These  separate  groups,  however,  develop  no  new  characters^ 
but  in  those  appearing  at  each  stage  are  seen  fixed  and  appar- 
ent only  varietal  characters  of  the  original  form,  with  such 
modiBcations  as  poor,  or  rich,  or  variety  of  food  give  to 
animals  we  now  may  modify.  There  is  nothing  of  a  specific 
character  evolved  in  this  series  of  forms  which  did  not  appear 
in  the  first  forms,  but,  there  is  every  evidence  for  the  belief 
that  the  species  has  lived  through  this  long  geological  time 
without  losing  its  character,  and  that  all  that  has  resulted  from 
great  time  and  change  of  conditions  has  been  the  fixing  into 
race  groups  of  the  original  variable  characters  of  the  species. 

The  species,  at  its  first  appearance  in  the  Silurian  presented 
a  decidedly  new  combination  of  characters  for  the  genus  and 
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ilso  much  variation.  When  once  these  specific  though  varia- 
ible  forms  appeared,  they  lived  till  the  variations  which  could 
)e  played  on  them  were  exhausted  ;  and  the  species  ceased  to 
ive  and  became  extinct  either  near  the  close  of  the  Carbonif- 
jrous  or  not  till  later  in  the  Mesozoic. 

Some  of  the  races  or  varieties  may  die  out  but  they  reappear 
gain  and  again  till  there  are  such  strong  contrasts  that  it  is 
lifficalt  to  see  even  generic  resemblance  between  them. 

The  following  is  a  tabular  view  of  the  relations  of  the 
>ilurian  and  Devonian  forms  of  which  Spiri/er  crispus  of  the 
Niagara  in  New  York  is  the  type;  the  tracing  of  the  history 
hrough  the  European  forms  and  higher  into  the  Carboniferous 
J  reserved  for  further  study.  In  the  table,  lateral  extension  is 
xpressive  of  the  morphological  variations;  each  line  repre- 
ents  one  of  the  geological  formations,  which  are  arrangea  in 
be1r  natural  order ;  and  the  name  of  each  species  is  placed  in 
he  position  on  the  line  representing  its  supposed  relation  to 
he  typical  form  of  iSp.  crispus. 

hemung  _ prematurus 

^ortage  Iffivis 

[amilton  flmbriatus snbumbooa 

iomiferous  fimbriatua .... 

^riakany tribulis 

f  N.  Y.  &  Tenn. . .  Saflfordi  (pare ) 

Maryland  uctooostatiis modeatus 

New  Y  ork cydopterus  (pare.) 

New  York  vanuzemi 

T|^^^  j  shale crispuB 

*^  ( limestone sulcatiis  (pars.) crispus bicostatua 


lower  Helderberg' 


A  History  of  the  Jetties  at  the  Mouth  of  the  Mississippi  River,  by  E.  L.  Cor- 
hellf  C.  E.,  Chief  Assistant  and  Resident  Engineer  during  their  construction. 
184  pp.  Svo.  Illustrated  by  numerous  maps  and  sections,  aud  with  a  portrait  of 
Ir.  J.  B.  Eads  as  its  frontispiece.    New  York.    (J.  Wiley  ft  Sons.) 

Routgen^s  Principles  of  Thermodynamic^?,  with  special  applications  to  hot-air, 
(as  and  steam  engines.  Translated,  revised  and  enlarged  by  A.  Jay  DuBois. 
:viii  and  641  pp.  8vo.    New  York,  1880.    (J.  Wiley  &  Sons). 

Degeneration :  a  Chapier  in  Darwinism ;  by  Prof.  E.  Ray  Lankester,  F.R.S., 
fellow  of  Exeter  College,  Oxford.  76  pp.  12mo.  London,  1880.  (Maomillan  ft 
So.)  The  discouree  of  the  learned  author  before  the  British  Association  at  Shef- 
ield,  in  August,  1879.  aiming  to  show  especially  that  the  Ascidiane  are  degen- 
fate  instead  of  prototype  Vertebrates. 

History  of  North  American  Pinnipeds :  a  Monograph  of  the  Walruses,  Sea- 
ions,  Sea-beare  and  Seals  of  North  America :  by  Joel  Asaph  Allen,  Assist  Mus. 
/omp.  2kK>l.  Cambridge.  786  pp.  8vo.  With  a  number  of  wood  cuts.  1880. 
Xmttitutes  No.  12  of  the  "Miscellaneous  Publications"  of  the  U.  S.  Geological 
md  Geographical  Survey  of  the  Territories  under  F.  V.  Hayden,  Geologist-in- 
/harge,  of  which  Survey  Mr.  Allen  was  Special  Collaborator  in  Zoology.  A  very 
hoioiigh  work  in  all  directions — Zoological,  Historical  and  Economical,  and  as 
nieresting  to  the  popular  reader  as  it  is  valuable  to  science. 

Second  Treatise  on  the  decrease  of  Water  in  Springs,  Creeks  and  Rivers, 
otemporaneously  with  an  increase  in  height  of  floods  in  cultivated  countries,  by 
h  GuataT  Wex,  Ghief  Engineer  of  the  Improvement  of  the  Danube,  at  Vienna. 
tan  the  papere  of  the  Socie^  of  the  Austrian  Engineers  and  Architects,  1879, 
Tea.  6-9,  traoalated  by  G.  Weitzel,  Major  Engineers,  Brevet  Maj.  Gen.  U.  8.  A. 
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42  pp.    8to.    WashingtoD,  1880.    A  paper  of  wide  interest  to  the  people  of 
America,  illuatratiog  the  evils  coming  from  the  destruction  of  forests. 

The  Geological  and  Natural  History  Survey  of  Minnesota.  The  8th  Amiiiil 
Report,  for  1879,  of  Prof.  N.  H.  Winchell.  184  pp.  8vo.  Samt  Paul,  1880.  Con- 
-tains  Reports  on  the  Cupriferous  series  at  Duluth,  and  the  Treoton  and  Hudssa 
River  groups  in  Minnesota,  by  N.  H.  Winchell ;  a  Report  on  the  Geology,  and 
especially  the  glacial  phenomena,  of  Central  and  Western  Minnesota,  by  W.  Up- 
ham  ;  on  the  Zeolites  of  the  vicinity  of  the  Grand  Marais,  by  S.  F.  Pedrham  and 
0.  W.  Hall,  and  other  papers.  Prof.  Winchell.  speaking  of  the  Cupriferous  nriei, 
concludes  that  these  rocks  (the  Eeweenian,  as  they  have  been  reocnilj  called),  io- 
eluding  the  associated  igneous,  were  "correctly  assigned  to  the  Potsdam  hj 
Messrs.  Foster,  Whitney  and  Hall,  in  1849." 

Bulletin  of  the  Philosopliical  Society  <f  Washing^n,  (D.  C).  Vol  i.  Uant, 
1671,  to  June.  1874  ;  ii,  Oct.,  1874,  to  Nov.,  1878 ;  iii,  Nov ,  1878,  to  June,  18M. 

Museum  of  Comparative  Zoology.  The  following  publications  of  the  Mnsem 
have  been  recently  issued  :  (1.)  The  Auriferous  Gravels  of  the  Sierra  Nevada  aod 
California,  i»y  J.  D.  Whitney,  vol.  vi.  No.  1  of  the  4to  memoirs,  289-570  pp.; 
being  the  completion  of  the  author's  work  on  the  subject,  the  preoedinif  portiOB 
of  which  uppeare*!  in  1879.  (2.)  The  Climatic  ('hanges  of  Later  Geolofrical 
Times,  a  discussion  baseci  on  observations  made  m  the  Cordilleras  of  North 
America,  by  J.  D.  Whitney,  vol.  vii,  No.  2,  Part  I  of  the  4to  memoirs,  l)dpf> 
(3.)  On  some  points  in  the  structure  of  the  Embryonic  Zoea,  by  W.  Fazco,  fd. 
vi,  No.  10,  of  the  Bulletin. 

Die  Spon^ien  des  Meerbusen  von  Mexico  und  des  Caraibischen  Meeres,  vw 
Oscar  Schmidt.  2nd  Heft  4to  with  plates  5  to  10.  Jena,  1880.  One 
of  the  reports  of  the  dredging  under  the  supervision  of  Prol  Agasrii  nl 
the  direction  of  the  Coast  Survey. 

On  the  Zoological  position  <>f  Texas,  by  B.  D.  Cope.  52  pp.  8vo.  BDlMi 
No.  20  of  the  U.  S.  National  Museum,  Washington,  1880.  Also,  by  tiie  mom, 
Genera  of  the  (.'reodonta,  Proc.  Amer.  Phil.  See,  1880. 

Supplement  I  to  a  Catalogue  of  Official  Reports  on  Geological  Surveys  of  the 
United  States  and  British  North  America,  by  F.  Prime,  Jr.,  late  Asst.  Geol.  Surrey 
of  Petmsylvania.     13  pp.  8vo.     Cedar  Point  Iron  Co.,  Baltimore,  July  31, 1880. 

Report  of  the  Dearborn  Observatory  (Chicago)  for  1880,  G.  W.  Hough,  Direfr 
tor.     16  pp.  8vo.     1880. 

Album  of  Antliropological  Types  of  the  Islands  of  the  Pacific  Ocean,  with  28 
photographic  plates,  explanatory  text,  and  an  ethnological  map  of  the  Ocean,  jtist 
published  at  Hamburg,  by  the  Museum  GodefVoy.  4to,  1881.  (L.  Fredericbseo 
k  Co.)  Also,  from  the  same  Museum,  a  Treatise  on  Pacific  Ocean  £thnognpbj 
and  Ethnology.     660  pp.  8vo,  and  46  plates.     1 880. 

Examination  of  the  Double-Star  Measures  of  the  Bedford  Catalogue,  by8.  W. 
Bumham.     (Monthly  Not.  Astron.  Soc,  vol.  xl.  No.  8.) 

Observations  on  the  Satellites  of  Mars,  by  Asaph  Hall.  (Monthly  Not  Astron. 
Soc..  vol.  xl,  No.  5.) 

Science.  This  New  York  Weekly  Journal  of  Science  has  announced  that  iti 
fiiae  will  be  doubled  with  the  commencement  of  next  year. 

American  Kntomologist,  a  monthly  devoted  to  Practical  and  Popular  Entomokfj, 
edited  by  C.  V.  Riley.  Washington,  D.  C.  Vol.  iv  commences  with  Jaoaaij. 
$2.00  a  year. 

Annals  of  the  Astronomical  Observatory  of  Harvard  College,  vol.  xii.  Okew- 
vations  made  with  the  Meridian  Circle  during  the  years  1874  and  18*75^  and  pre- 
pared for  publication  under  the  direction  of  Joseph  Winlock  and  E.  C.  PickeriD|^ 
Successive  Directors  of  the  Observatory,  by  Wm.  A.  Rogers,  Assist.  Prof.  AAtroa. 
in  the  Observatory,  xcii,  and  2*72  pp.  4to.  Cambridge.  Mass.,  188U.  AJflOi,l)!f 
the  same.  Catalogue  of  618  Stars,  extracted  from  volume  xii  of  the  Annals  of  d» 
Observatory.     Cambridge,  1880. 

Nachtra'ge  zur  Dyas  I.,  von  Dr.  H.  B.  Geinitz.  44  pp.  4to,  with  7  plafcei. 
(Fossil  plants,  fishes  and  footprints.)  Mittheilungen  of  the  Royal  Minendopco* 
geological  and  Prehistoric  Museum  of  Dresden.     Cassel,  1880.    (T.  Fischer.) 

Memoirs  of  the  Geological  Survey  of  India.  Sind  Fossil  Corals  and  Alc^onarii, 
hy  P.  Martin  Duncan,  vol.  1,  110  pp.  4to,  with  28  plates.  (Tertiai;y  and  U||Nr 
Cret  f^una  of  Western  India,  Ser.  xiv.)    Calcutta,  1880. 
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Abbay,   R.,   Coffee-leaf  Disease,  xviii, 

156. 
Abbe,  C,  Stone's  star  catalogue,  xi,  75. 

meteorological  notice,  xii,  399. 
Abbott,  C.  C,  flint  implements  in  drift 

of  New  Jersej,  xiv,  24*7,  xri,  409. 
Abbott,  H.  L.,  artificial  tremors  through 
the  earth's  crust,  xiV,  509. 

transmission  of  earth  waves,  xy, 
178. 
Abort,  S.  T.,  survey  in  North  Qu-olina, 

etc.,  xii,  149. 
Ahney,   photometric    measurements  of 

electric  lights,  xvi,  385. 
Abt,  A.,  spectrum  of  electric  sparks, 

xviii,  68. 
Academj,  American,  centennial  of,  xx, 
78. 

Oonnecticut,  Transactions,  xii,  80, 
xiii,  323,  380,  xv,  79,  xvi,  159,  441. 
Davenport,  Proceeidings,  xii,  320. 
Kansas,  Transactions,  xii,  163. 
Minnesota,  Bulletin,  xii,   478,  xv, 
407. 

National,  meetings,  xi,  505,  xii,  476, 
xiii,  481,  xiv,  511,  xv,  485,  xvii,  78, 
498,  xix,  495. 

publications  of.  xiv,  167. 
report  on  scientific  surveys,  xvii, 
78. 
New  York,  Annals,  xvii,  83. 
Paris,  prize,  xvii,  415. 
Peabody,  Memoirs,  xi,  243. 
Philadelphia,  Journal,  xiv,  78. 
St  Petersburg,  index,  xiv,  167. 
Wisconsin,  Transactions,   xiv,   78, 
xvili,  80. 
Aocademia  dei  Lincei,  xi,  502. 
Aoetal,  XX,  144. 

Acetic  ethers  of  polyatomic  alcohol,  xix, 
66. 
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Acid,  acetic,  vapor  density  of,  xviii,  371. 
anthraflavic,  xi,  218,  xii,  51. 
benzoic,  in  organism  of  birds,  xv, 
146. 
boric,  XV,  53,  390. 

reaction  of,  xv,  387. 
butyric,  conversion  of,  xii,  138. 
camphoric,   action  of  dehydrating 
substances  on,  xviii,  220. 

carbamic  in  animal  fluids,  xii,  388. 
carbonic,  in  expired  air,  xx,  426. 
in  mineral  cavities,  xi,  484,  xiii, 
56,  xvi,  324. 

in  mineral  waters,  xvi,  477. 
in  syenite,  xvi,  324. 
physical  properties  of,  xx,  145. 
ditfiionic,  basicity  of,  xviii.  478. 
division  of  among  several  bases,  xi, 
219. 
fluorescein-carbonic,  xvi,  319. 
formic,  synthesis  of,  xv,  211. 
vapor  density  of,  xviii,  292. 
glyceric,  structure   of,  SadUer,  xi, 
114. 

glyoero  phosphoric  from  brain,  xii, 
453. 
glycollic,  preparation  of,  xiii,  302. 
bippuric,  in  urine,  xvi,  66. 
hydriodic,  xix,  68. 
hydrobromic,  xix,  68. 
hydrochloric,  hydrate  of,  xi,  318. 
hydro-oxy-benzoic.  xi,  488. 
hypobromous,  action  on  ethylene 
dibromide,  xvii,  247. 
hyponitrous,  xviii,  398. 
hyposulphuric,  basicity  of,  xviii,  478. 
lactic  from  inosite,  xii,  294. 
new,  isomeric  with  alizarin,  xi,  218, 
xii,  61. 
nitric,  action  on  coal  gas,  xiii,  Ml. 
on  silver,  etc.,  xi,  51. 
from  nitrogen  of  air,  xi,  222 
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Acid,  nitrous,  action  on  unsaturated  hy- 
drocarbons, xvi,  382. 
oxalic  crystallized,  xx,  60. 
paroxybenzoic  and  saUcylic,  xi,  488. 
pentathionic,  xyiil,  479. 
phosphoric,  effect  of  silicic  acid  on 
estimation  of,  Jenkins,  xi,  204. 
phyllic,  from  leaves,  xiv,  483. 
rosolic,  from  cresol  and  phenol,  xiv, 
414. 
salicylic,  and  paroxybenzoic,  xi,  488. 

method  of  producing,  xiv,  66. 
salts,  new  class  of,  xv,  H08. 
selenous,  xix,  483. 
stearic,  decomposition  of,  xi,  484. 
succinic  from  tartaric,  xi,  487. 
sulphuric,  boiling  point  of,  xvi,  63. 
reaction  on  tricalcic  phosphate, 
xu,  46. 
tartronic,  from  pjrruvic,  xiv,  310. 
occurrence  of,  SadUer^  xi,  1 14. 
uric,  Mallet,  xi,  185,  291. 
ethers  of,  xii,  428. 
Acids  and  salts,  constitution  of,  xi,  218. 
constitution  of  unsaturated  dibasic, 
xiv,  413. 
complex  inorganic,  Gibba,  xiv,  61. 
of  cocoa  butter,  xv,  307. 
part  of,  in  etheriflcation,  xvii,  249. 
synthesis  of  polybasio,  xii,  294. 
Acoustic  attractions,  xi,  488. 

repulsion,  Dvordk,  xvi,  22;  Bayleigh, 
xvi,  481. 
Acoustics,  researches  in,  Mayer,  xi,  324, 

xii.  329. 
Aconites,  alkaloids  of,  xvi,  383,  xviii,  221. 
Adams,  A.  L.,  saurian  vertebra  from  the 

Arctic  regions,  xiii,  3 1 6. 
Adams,   F.  D.,  chlorine  in  scapolites, 

xvU,  315. 
Adams,  W.  O.,  constitution  of  matter, 

XX,  340. 
Agardh,  J.  G.,  work  on  algsB,  xii,  470. 
Agassiz,   A.,   Hseckers   Kntwickelungs- 
geschichte,  xi,  74. 

Hffickel  on  Greryonidae  and  .<Egin- 
idse,  xi,  420. 
exploration  of  L.  Titicaca,  xi,  492. 
coral  reef,  elevated  in  Peru,  xi,  499. 
echinoderms  of   *'  Porcupine  "  and 
"Challenger"  expeditions,  xiii,  164. 

zoology  of    "Challenger"   expedi- 
tion, xiii,  165. 
zoological  diagrams,  xiv,  500. 
habits  of  young  Limulus,  xv,  76. 
Yucatan  coral  reef,  xvi,  70. 
young  of  osseous  fishes,  xvi,  241. 
zoological  records,  xvi,  406. 

laboratory,  xvi,  488. 
former    extension    of    the    South 
American  continent,  xviii,  230. 


Agassiz,  A,,  HseckeVs  Medusse,  xix,  245. 

obituary  of  Pourtales,  xx,  253. 

paleontological   and  embryological 
development,  xx,  294,  375. 

N.  American  star-fishes,  xiv,  73. 
Agassiz,  L.,  Geological  Sketches,  xi,  231 

Florida  Reefs,  xx,  70. 
Air.  at  equator,  temperature  of,  xix,  142. 
232. 

chemical  and  geological  relations  of 
Hunt,  xix,  349. 

of  Mount  Etna,  Langley,  xx,  33. 

of  the  Alps,  XV,  235. 

of  the   Rocky  Mountains,  Drofir, 
xiii,  89. 

specific  heat  of,  xv,  55. 

thermal  conductivity  of,  xv,  147. 

transparency  of,  xi,  146. 

variation  in  oxygen  of,  xviii,  168. 

winds  of  the  globe,  Ooffin,  xiii,  273. 
Airy,  O.,  sun's  distance,  xiv,  501. 
Akestorides,  action  of  fuming  nitric  add 

on  coal  gas,  xiii,  301. 
Alabama,  geological  reports,  xi,  410,  xia, 
230,  xix,  326. 

tantalite  from,  xiv,  323. 
Alaska,  Chitons  and  Limpets,  xvii,  340. 

Coast  survey  report,  xi,  242. 

fossU  glncier,  DcUL,  xx,  335. 
Albnmjn,  oxidation  of,  xix,  485. 
Alcohol,  decomposition  of  by  aluminam 
and  its  iodide,  xi,  484. 

diacetone,  xi.  54. 

secondary  hexyl,  xi,  216. 
Alcoholic  fermentation,  xvi,  320. 
Alcohols,  etherification  of  primary,  xvi, 
479. 

sulpho-ethers  of    the   polyatomic^ 
xviii,  307. 
Aldehydines,  xvi,  64,  480. 
Algee,  see  Botany. 
Alizarin,  formation  of,  xi,  143. 
Alkali-metal  amalg^ams,  xviii,  219. 
Allantoin,  in  urine,  xvi,  66. 

synthesis  of.  xii,  215,  xiii,  218. 
Allard,  transparency  of  flames,  xi,  14& 
Alleghanies,  heights  of,  xiv,  69. 
Allen,  A.  H.,  organic  analysis,  xviii,  402. 
Allen,  J.  A.,  exSnct  wolf  and  deer,  xi, 
47. 

variation  in  mammals,  xii,  219, 238. 

influence  of  physical  conditions  in 
genesis  of  species,  xiv,  161. 

fossil  passerine  bird,  xv,  381. 

American  Bison,  not.,  xiii,  76. 

North  American  Rodentia,  xiv,  421 

the  Pinnipeds,  xx  459. 
Allen,  0.  D.,  hatchettolite  and  sunart- 
kite,  xiv,  128. 

bastnasite  and  tysonite,  xix^  390. 
Allen,  T.  F.,  Characea^  Amer^  xvii,  488, 
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Solar  Light  and  Heat,  ziXf  82. 
.  J.,  Report  on  Hydroida,  xvi, 

see  Geology. 

gallium  wiih  alumiDum,  xuc, 

lide,  preparation  of,  xvi,  479. 
Chinese  official,   Ha^rringUm^ 

al,  for  1882,  xix,  163. 
(sphere  of,  xv,  235. 
BO  Botany  and  Gbology. 
1  in  steel  and  iron,  Bkiir^  xiii, 

dmpressibility  of  gases,  xviii, 

of  chromium,  etc.,  xvii,  402. 

Journal  of  Mathematics,  x?, 

.  251. 

alist,  XT,  ]  58. 

3f  mouobasic  acids,  xii,  54. 

Q  bases,  xix,  405. 

e,  decomposition  of  by  heat, 

I  in  combustion,  xy,  210. 
rom  amyl  iodide,  xiv,  412. 
md  Physiology,  Journal  of,  zi, 

E.  B.,  erosion  of  rocks,  xii, 

r  Carboniferous  rocks  in  Ohio, 
7. 

mtary  Geology,  not,  xvii,  175. 
^lass  circle  for  measuring, 
ird,  xii,  112. 

laniifacture,  Jackson,  xiii,  449. 
,  size  of  atoms,  xii,  451. 
W.  A.,  electro-magnetic  ma- 
ii,  251. 
iu,  xvi,  319. 
logy,  OalUm^  xiv,  265. 
,  atomic  weight  of,  Cooke^  xv, 
xix,  382. 

very  of  ore  of  at  Sonora,  Mex- 
;,  XX,  421. 

ig  point  of  iodide  of,  xv,  391. 
i  compounds  of,  xv,  310. 
rtion  of  solutions  of,  Choke^  xix, 

ite,  Richards  and  Palmer^  xvi, 

1. 

ia.  noticed,  xii,  163. 

ientific  journal,  xviii,  1 59. 

gists,  caution  to,  xiv,  333. 

gy,  Peabody  museum  of,  re- 

iv,  246,  xvi,  409. 

pediiion,  geology  of,  xvi,  139. 

►ntology  of,  xvi,  140. 

r,  J.  Ky  copulation  of  microzo- 

I,  xiii,  164. 

)  Republic,  fossils  of,  xiii,  233. 


Aridne,  alkaloid,  xii,  139. 

Arizona,  jarosite  with  g^ld,  xviii,  73. 

Permian  and  paleozoic  of,  xx,  221. 
Armsby,   H.  P.,   reaction  of  sulphuric 
acid  upon  tri-calcic  phosphate,  xii,  46. 
absorption  of  bases  by  the  soil,  xiv, 
25. 
Manual  of  Cattle-feeding,  xx,  434. 
Amott,  N.,  Elements  of  Physics,  xiii, 

244. 
Aronheim^  chlorinating    hydrocarbons, 

xi,  142. 
Arsenic  and  aromatic  compounds,  xi,  54. 

determination  of.  xi,  52. 
Arthur,  G.  C.  Rora  of  Iowa,  xii,  156. 
AsJibumer,  G.  A.,  Wilcox  spouting  water- 
well,  xvi,  144. 

oil-well  records  in  Penn'a,  xvi,  393. 
the  Kane  geyser  well,  xviii,  394. 
petroleum,  xix,  168. 
oil-sands  of  Pennsylvania,  xix,  415. 
Geological  Report,  not,  xviii,  148. 
Asparagin  and  saccharimetiy,  xii,  139. 
Association,  American,  meetings  of,  xii, 
163,  316,  xiv,  76,  328,  xv,  486,  xvi, 
81,  329,  xviii,  80,  318,  xx,  252,  343. 
Agassiz's  address,  xx.  294,  376. 
Marsh's  addresses,  xiv,  337,  xviii, 
.323. 

ProOeedings,  xii,  396 
British,  meetings  of,  xii,  478,  xiv, 
334,  XV,  486,  xvi,  333,  xvii,  80,  322, 
XX,  252,  339. 

G^alton's  address,  xiv,  265. 
Thomson's  address,  xii,  336,  400. 
Wallace's  address,  xii,  354,  400, 
467. 
Asteroids,  see  Planetoids. 
Astronomical  myths,  xiii,  404. 

publications.  Lord  Lindsay,  xiii,  398. 
Society,  gold  medal  of,  xvii,  415. 
see  also  Observatory. 
Atlantic,  elevations  in  North,  xi,  162. 
shoal  in,  xiii,  326. 
see  also  Ocean. 
Atmosphere,  see  Air. 
Atomic  weights  of  the  elements,  xv,  306. 
Atoms,  size  of,  xii,  451. 
shifting  of,  xii,  293. 
Atterberg.  t£e  terpenes  of  Swedish  wood 
tar,  xiv,  412. 

fiuf uran  and  sylvan  in  pine  wood 
tar,  XX.  59. 
Attfleld,  J.,  Chemistry,  not,  xii,  454. 
Audition,  binaural,  xvii.  64,  322. 
Awrbach,  vowel  "  clang,"  xiii,  378. 
Augfiey^  S.,  geology  of  Nebraska,  xix, 

412. 
Aurin,  conversion  of,  xiv,  310,  xviii,  307. 

production  of,  xvii,  480. 
Aurora,  height  of,  xx,  63. 
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Ausien,  P.  7*.,  dinitrobrombenzols,  xii,  121. 
dinitroauiline  and  dinitrobromben- 
zol,  xii,  121. 

dinitroparadibrombenzols,  xiii,   95, 
xvi,  46. 

nitro-derivatives  of  diphenylamine, 
xiii,  279. 

Nitrogen  Compounds,  not.,  xiii,  68. 
Australia,    paleozoic  fossils,   xiii,    158, 

xvi,  82. 
Autography,  practical  use  of,  Sars^  xiv, 

277. 
Ammonnei,  properties  of  chemical  sub- 
stances, xiii,  217. 

diathermaneity  of  metals  and  paper, 
xiii,  303. 
Ayrton,  new  theory  of  terrestrial  mag- 
netism, xviii,  69. 

a  dispersion  photometer,  xix,  319. 
Ayrton  and  Perry,  gravity  observations, 
XX,  149. 

B 

Bacteria,  formation  of  nitrites  by,  xi,  53. 
Bceyer,  synthesis  of  oxindol,  xvi,  64. 

synthesis  of  indigo-blue,  xvi,  318. 
Bailloo,  H.,  Dictionnaire  de  Botanique, 

xii,  468,  xiii,  320,  xv,  484,  xviii,  316. 
Baird,  S.  F.,  Record  of  Science,  xii,  80. 
Report  of  Fish  Commission,  xix,  333. 
Baker,  J.  G.,  Iridace»,  not.,  xiv,  428. 
Flora  of  Mauritius  and  the  Seychel- 
les, xvi,  239. 

Synopsis  of  Aquilegia,  xvi,  327. 
Ilypoxidaceae,  xviii,  156. 
Balance-beams,  rock  crystal  for,  xiii,  216. 
BcU/our,  F.  M.,  development  of  organs  of 

vision.  XX,  342. 
Balfour,  1.  B.,  on  Pandanus,  xviii,  156. 
Bdllt  t/i,  origin  of  the  flora  of  the  Euro- 
pean Alps,  xviii,  236. 

Tour  in  Marocoo  and  the  g^at  Atlas, 
xvii,  332,  338. 
Bodlo,  action  of  dehydrating  substances 

upon  camphoric  acid,  xviii,  220. 
Bannister,   H.  Jf.,  age  of  the  Laramie 

g^oup,  xvii,  243. 
Barium  dioxide,  hydrate  of,  xx,  59. 

perhydrate,  xv,  143. 
Barker,  G.  F.,  chemical  abstracts,  xi,  51, 
142,  214,  318,  483;  xii,  50,  138,  212, 
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dark  lines  in  the  solar  spectrum,  xrii, 
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Edison^s  electric  light,  xix,  337. 
Barnard,  C,  Light,  xiv,  419. 
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1,  xvii,  7. 
Bairande,  J.,  Brachiopods,  xix,  156. 
Barrett,  S.   T.,  Dalmanites  dentata,  xi, 
153,  200,  xii,  70. 
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N.  Y.,  xiii,  385. 

coralline  limestone   of    Montague, 
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Barton,  O.  H,,  Carboniferous  in  MasM- 

chusetts,  XX,  416. 
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Bastin,    E.  S.,   meteorite    of    Chicago, 

xviii,  78. 
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tions,  xii,  267. 
Bauke,  H..  on  Platy cerium  grande,  xviii, 
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Schizjeaceae,  xvi,  76. 
Bawnhauer,  H,,  on  boracite,  xviii,  486. 
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direct  oxidation,  xix,  228. 
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chemical  analysis,  xvi,  265. 

history  of  spectrum  analysis,  xri 
392. 
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Becqtterel,   B.,  magnetism   and  electric 
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rotatory  polarization,  xiv,  417. 
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xvii,  63. 

estimation  of  zinc,  xz,  142. 
tefibiop.    G.  E.y    under-water   oceanic 
temperature,  zt,  27. 
kUt   A.    G.^  production  of   sound  by 
light,  XX,  305. 

telephone,  xii,  337. 
elladonna,  alkaloids  of,  xx,  61. 
klohoubek^  propylene  glycol  from  gly- 
cerin, xviii,  480. 

leity    r.,  loess  of  Rhine  and   Danube, 
xiii,  383. 

^neUy  iodide  of  antimony,  xt,  391. 
>nnett,  A.   W.,  rapid  growth,  xIt,  243. 

Gleistogamic  Flowers,  xviii,  156. 
ienthaw,  6.,  Genera  Plantarum,  xii,  77, 
xviii,  487.  xix,  418. 

Flora  Australiensis,  xvi,  237. 
Euphorbiaceee,  xvii,  335,  xviii,  156. 
enton,  E.  R.,  Richmond  bowlder  trains, 
xvi,  70. 

^nzene  derivatives,  composition  of,  xii, 
387. 

in  rosin  oil,  xii,  386. 
hydrogenation  of,  xvii  247. 
ring,  synthesis  o^  xviii,  306. 
benzol  compounds,  Afuten^  xii,  118, 121, 
xiii,  95,  xvi,  46. 

derivatives  of,  xiii,  375. 
ermudas,   fishes  of,    Goode^  xiv,  289, 
xvii,  340. 

emey,   S.,    Hand-book    of    Alabama, 
xvii.  84. 

erostein,  J.,  Senses  of  Man,  xii,  316. 
*€mth8en^  araidines  of  monobasic  acids, 
xii,  54. 
*erthehi,  chemical  dynamics,  xi,  214. 

constitution  of  acids  and  salts,  xi, 
218. 

division  of  an  acid  among  several 
bases,  xi,  219. 

decomposition  of    ammonium    ni- 
trate by  heat,  xii,  52. 

formation  of  ozone,  xii,  212. 
absorption  of  nitrogen,  xii,  292. 
pyrogenic  hydrocarbons  in  coal  gas, 
xii,  385. 

oonstituiion  of  phosphates,  xiii,  56. 
detection  of    ordinary  alcohol    in 
wood  spirit,  xiii,  218. 

chemical  actions  of  the  silent  elec- 
tric discharge,  xiii,  371. 

action  of  ozone  on  nitrogen,  xiii,  372. 
effect  of  pressure  on  chemical  ac- 
tion, xiv,  64,  xvii,  166. 

**  maximum  work,"  xv,  143. 
systems  of  chemical  notation,  xv, 
184. 


Berthdoty  thermo-chemical  data,  xv,  304. 
persulphuric  oxide,  xv,   209,  xvi, 
480. 

production  of  ozone,  etc,  by  elec- 
trolysis, xvi,  136. 

the  specific  heat  and  heat  of  fusion 
of  gallium,  xvii,  166. 

hydrogenation  of  benzene,  xvii,  247. 
relative  affinities  of  oxygen  and  the 
haloid  elements,  xvii,  248. 

displacements  in    hydracids,  xvii, 
477. 

ozone  and  the  silent  electric  dis- 
charge, xviii,  65. 
charcoal  from  puro  cellulose,  xviii  66. 
alkali-metal  amalgams,  xviii,  219. 
the  heat  of  formation  of  cyanogen, 
xix,  147. 

direct  union  of  cyanogen  and  hy- 
drogen, xix,  404. 
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Berthoudf  E.  L.,  ice  in  rocks  of  Colorado, 
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meteorology  of  Golden,  xiii,  326. 
Berirand^  the  oxybaiymeter,  xix,  482. 
Beryllium,  specific  heat  of,  xv,  386. 
Bessey,  C.  E.,  Botany  for  High  Schools 

and  Colleges,  xx,  337. 
Betaine,  synthesis  of,  xi,  218. 
Bianconiy  plasticity  of  ice,  xiii,  59. 
Bigsby,  J.  J.,  Thesaurus  Devonico-Car- 

boniferous,  xvi,  72. 
Billy  J.  H.J  decomposition  of   potassic 

bromide  and  sodic  chloride,  xii,  190. 
BiUingSy  K,  on  Obolella  chromatica,  xi, 

176. 
Binocular  phenomena,  LeOorUe^  xiii,  252. 
Birds,  see  Zoology  and  Geology. 
Bimbaumy  direct  union  of  calcium  oxide 
and  carbon  dioxide,  xviii,  399. 
sulphurous  oxide,  xix,  482. 
Bismuth,  diamagnetic  constants  of.  Bow- 
land,  xviii,  360 ;  Jacques,  xviii,  368. 
Bitumen  in  trap,  xvi,  112,  130. 
Black  Hills,  fossils  from,  xiv,  321. 
Blair y  A.  A.,  chromium  and  aluminium 

in  steel  and  iron,  xiii,  421. 
Blake,  E.  W.,  Jr.,  method  of  recording 

articulate  vibrations,  xvi,  54. 
Blake,  J.,  roscoelite,  xii,  31. 
Blake,  J.  F.,  Astronomical  Myths,  xiii, 

404. 
Blanjord,  H.  7!,  Coal  eras  of  India,  xii. 

67. 
Blaserna,  P.,  Sound  in  relation  to  Music, 

xiii,  168. 
Blow-pipe  deposits,  colors  of,  Koyl,  xx, 

187. 
Bloxam,  C.   L.,    Laboratory    Teaching, 

xviii,  402. 
Blum,  J.  B.,  PseudomorphB,  xviii,  414. 
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Blytt,   A.,   immigratioQ  of    Norweppan 

flora,  xii.  76. 
BcBhrrif  duflt  figuren  produced  by  sound 

waves,  xviii,  68. 
Boguaki,  velocity  of  chemical  reactions, 

xiii,  299 
Bohemia,  CarboDiferous  and  Permian  in, 

xiii,  316. 
Bohnensieg,  G.,  Annual  of    Periodical 

Literature,  xvi.  .327. 
Boiling  and  melting  points,  high,  xvi, 

316. 
Boilers,  protection  of  marine,  xv,  389. 
Boiahaudran,  gallium,  xii,  62,  462,  xiii, 
69,  XV,  473,  xvi,  137,  xix,  66. 
spectrum  of  ytterbium,  xviii,  216. 
alloys  of  gallium,  xix.  65. 
Boissier,  E.,  Flora  Orientalis,  xii,  468. 
Bolide,  see  Meteor. 

Bolton,  H.  C,  organic  acids  in  examina- 
tion of  minerals,  xiv,  495. 
Boltzmann,  kinetic  theorv  of  g^os,  xiii, 
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laws  of   diffusion  and  thermo-dy- 
namics,  xix.  407. 

velocity  of  electricity,  xix,  486. 
Bonneville,  see  Lake^  Great  SctU. 
Borchers^    carbonic    acid     in     mineral 

waters,  xvi,  477. 
Boricky,  E ,  igneous  rocks  of  Bohemia, 

xiii,  162. 
Bomet,  E.,  G.  A.  Thuret,  xii,  156. 
on  Algffi,  xii,  471. 
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Bomstein,  influence  of  light  upon  elec- 
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photo-electric  phenomena,  xv,  54. 
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so-called  crystallized,  Hampe^  xiii, 
66. 
Bosschfi^    electric    telephonic    currents, 

xvi,  386. 
Bossier,  Flora  Orientalis,  xviii,  415. 
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Balfour,  I.  B.,  Pandanus,  xviii,  156. 
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Clarke,  A,  B.,  Composite  Indies,  xii, 
397. 

Comstock,  T.  B.,  Utricularia  vulgaris, 
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Cooke f  M.    C.J   N.    American  Fungi, 
xvii,  71. 

Comib,  Af.j   Reproduction   dea  Asco- 
mycetes,  xiii,  322. 

Crepin,  F.^  on  Rosaoese,  xii,  233. 
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XV,  224. 

Davenport,    G.    2?.,    Botrychium  sim- 
plex, XV,  72,  75. 

Catalogue   of    Herbarium,   xTii 
487. 

Darwin,  C,  Insectivorous  Plants,  xi, 
69. 
Climbing  Plants,  xi,  73,  240. 
Cross-  and  Self -Fertilization,  xiii 
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Different  forms  of  Flowers,  xt, 
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aw  J  Fj  Catalogue   of   Diato- 
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f-fertilization  of  Plants,  xvii, 
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xvi,  239. 
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of  France,  xiii,  471. 
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MaximouncZj  C.  «/*.,  Spiraeacese,  xviii, 
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239. 
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Oliver  J  Z) ,  Flora  of  Tropical  Africa, 

XV,  318. 
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Chronological  History  of  Plants, 
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Ravenely  H.   W.,  N.  American  Fungi, 
xvii,  71. 

Refugium  Botaniciim,  xviii,  155. 

Revue  Mycologique,  xvii,  412. 

Rivista  Botanica,  xviii,  317. 

Robinson^   «/.,   Ferns  in  their  Homes 
and  Ours,  xvi,  166. 

Roihrock,  J.  7*.,  Botany  of  Wheeler's 
Survey,  xviii,  154. 

Sargent^  0.  5.,  Tree-planting,  xii,  73. 

Schmitz,  F.,  Balosphuera,  xvii,  413. 
Nucleus  of  Thallophytes,  xix,  75. 

Schomburgky    /?.,    Weeds    of    South 
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Schrater,  J.,  Rostpilze,  xix,  76. 
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Siurtevantj  E.  L.,  Indian  Com,  xix,  331. 

Thumen,  F.  variy  on  fungous  diseases 
of  the  lemon  tree,  xvi,  77. 

Thurety  G,,  Classification  of  the  Nos- 
tocbineae,  xi,  239. 

Ktudes  Phycologiques,  xvii,  256. 

Vasey,  G.,  Forest  Trees  of  the  Uni- 
ted States,  xii,  469. 

Watson,  S.y  Botany  of  California,  xii, 
78. 

Index  to  North  American  Botany, 
XV,  400. 

N.  American  Liliaceae,  xviii,  313. 

Williamson,  J.,  Ferns  of  Kentucky, 
xvi,  156. 

Wittrock,  V.  B.,  Pithophoraceae,  xiv,7l. 
Mesocarpese,  xv,  402. 

Wright,  K.  P.,  Botanical  publications, 
XV,  156. 
Botany— 

Absorption  and  transpiration,  xvi,  485. 
of  moisture  by  leaves,  xviii,  157. 

Acetabularia  Mediterranea,  xv,  1 55. 

-Estivations,  origin  of,  xv,  401. 

Agave,  notes  on,  xi,  235. 

Alga?.,  green,  Schmitz,  xvii,  413. 

N.  American,  xiv,  72,  xvii,  339. 
of  the  White  Sea,  xvii,  71. 
works  on,  noticed,  xii,  470,  471, 
XV,  74. 

Alps,  origin  of  flora  of.  Ball,  xviii,  236. 

Aquilegia,  xvi,  327. 

Archil-lichens  of  California,  xix,  229. 


Botany^ 

"  Artichokes,"  native,  xiv,  428. 
Athamantha  Chinensis,  xiv,  160. 
Australia,  weeds  of,  xix,  330. 
Bacteria,  effect  of  light  on,  xv,  236. 
Barberry  in  New  England,  xv,  482. 
Bassia  latifolia,  xviii,  156. 
Black  knot,  xi,  415. 
Botrychium  simplex,  xv,  72,  75. 
Botrydium  granulalum,  xv,  73. 
Buckthorn,  emodin  from,  xiii,  148. 
California,  xii,  78,  xvii,  413. 
Cane-sugar  in  early  amber  cane,  xrii, 

488. 
Cells,  observations  on,  xviii,  416. 
Colorado  flora,  xii,  234. 

limits  of  vegetation  on  mountains 

in,  Berthoud,  xi,  108. 
Coniferse,  carpellaiy  scales  of,  xii,  469. 

gymnospermy  of,  xviii,  311. 
Cross-breeding  plants  of  the  suae 

variety,  BecU,  xvii,  343. 
Cynanchum  acutum,  on  the  juice  of, 

xii,  54. 
Datura,  alkaloids  of,  xx,  61. 
Dendrology,  Koch's  lectures,  xi,  69. 
Desmids,  influence  of  light  on,  xriii, 

238. 
Dextrorse  and  sinistrorse,   xiii,  236, 

391,  XX,  246. 
DionsBa,  digestive  glands  in,  xvii,  488. 

leaves  of,  xii,  232. 
Drosera  rotundifolia,  xi,  69,  xviii,  156. 
Duboisia.  alkaloids  of,  xx,  61. 
Electrical  currents  in  plants,  xviii,  iU. 
Elliott's  Botany,  xiii,  81,  392. 
Eiiteromorpha    compressa,    conjuga- 
tion in,  xiii,  1 64. 
Epigsea,  heteromorphism  in,  xii,  74. 
Epping  forest,  Wallace,  xvii,  71. 
Erodium,  twisting  of  carpels,  xi,  158 
Etiolated  plants,  form  of,  xvi,  486. 

xvii,  494. 
Eucalyptog^phia,  xviii,  485. 
Euphorbiaceae,  xvii,  335. 
European  flora,  geographical  statirtics 

of.  xiu,  83. 
Fern  Prothalli,  non-sexual  outgrowths 

on,  XV,  403. 
Ferns,  apogamy  in,  xvi.  401. 

Davenport  herbarium,  xvii,  487. 
of  North  America,  xv,  72,  223, 

319,  483,  xvi,  240,  487,  xvii,  338, 

XX.  157. 
Fertilization  by  insects,  xii,  397. 
and  sensitive  stigmas,  xii,  308. 
cross-  and  self-,  xiii,  125. 
self-  in  plants,  xvii,  489. 
Flora  Brasiliensis,  xi,    239,  xii,  156. 

xiv,  427,  xvi,  74,  xvii,  69. 
immigration  of,  xii,  76. 
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3,  amount  of  sugrar  in,  zri,  485. 
•mfi  of,  XV,  67,  221. 

geography    and  archaeology, 
,  xvi,  85,  183. 
,  reestablishment  ot  xvi,  328. 

tender  trees  and  shrubs  of, 

ni. 

diseases  caused  by,  xiv,  426. 

vicinity  of  Boston,  xv,  223. 

rth  American,  xvii,  71. 

ent  papers  on,  xiii,  322. 

of  plants,  BentTuim  and  Hooker ^ 

7,  xviii,  487,  xix,  418. 

ium  semperyirens,  xiii,  68. 

,  recent  and  extinct,  xix,  328. 

I   gnemon,   female  flower  of, 

169. 

intoxicating,  xii,  233. 

1,  leaves  of,  xi,  237. 

,  abnormal,  in  an  apple-tree, 

m,  xiv.  243. 

plants  in  the  dark,  xvi,  486, 

494. 

)id,  xiv,  243. 

•rings  in  exogens,   xiv,   394, 

26. 

jpe  I.,  flora  of,  xi,  325. 

^amnie,  prothallus  of,  xv,  1 66 . 

sperray  of  Coniferse,  xviii,  311. 

adus  in  China,  xi,  239. 

hcera,  Schmitz,  xvii,  413. 

hus  aonuus,  Gilbrest,  xix,  329. 

)ero8us,  xiii,  347,  xiv,  428. 

ashes  of,  xiii,  74. 

y  and  variability,  Naudin,  xi, 

^ne  and  heterogone    flowers, 

,  xiii,  82. 

amus,  alkaloids  of.  xx.  61. 

ns,  cleistogamy  in,  xiv,  497. 

Corn,  xix,  331. 

'^orous  plants,  Darwin,  xi,  69. 

len  Island,  xvi,  240. 

,  time  of,  and  age  of  trees,  xii, 

inequilateral  and  venation  of 
xii,  398. 

,  gonidia  of,  xv,  1 55,  xvii,  254. 
•roductive  organs  of,  xiv,  72. 
iction  of.  on  vegetation,  Gray^ 
i. 

Lim  and  Syringa,  xviii,  317. 
J,  revision  of,  xviii,  313. 
lybridization  of,  xv,  151. 
rth  American,  xvi,  75. 
3dder,  Johnson,  xiii,  202. 
liza,   germination    of,     Gray, 

:i. 

•peae,  spore-formation  of,   xv, 


Botany — 

Mildew,  black,  of  walls,  Leidy,  xvii, 

339. 
grape-vine,  xi,  414. 
Mistletoe,  xui,  238. 

destruction  of  trees  by,  xiii,  322. 
Molds,  researches  on,  xv,  163. 
Monocotyledons,  xiii,  394. 
Nevada,  forests  of,  Sargent,  xvii,  417. 
Nomenclature,  Gray,  xiv,  168. 
Nostochineffi,  xi,  239. 
Nymphsea  flava,  xi,  416. 
Oaks  of  United  States,  xii,  163. 
Onion-smut,  Farhw,  xiii,  392. 

in  France,  xix.  76. 
Orange  and  olive,  disease  of,  FarUno, 

xii,  37. 
Orchids,  fertilization  of,  not.,  xiii,  396. 

new  range  for,  xv,  153. 
Orchis  rotunSfolia,  Gray,  xiv,  72. 
Osmorrhiza  Claytoni,  xviii,  166. 
Oudneya,  xviii,  167. 
Pandanus,  observations  on,  xviii,  166. 
Parasites,  vegetative  organs  of,  xi, 

239. 
Penstemon,  sterile  filament  of,  xvii, 

411. 
Periodicity  of  vegetation,  xii,  398. 
Phytography,  xx,  160,  241. 
Pinus,  revision  of,  xix,  491. 
PithophoracesB,  xiv,  71. 
Plant-distribution,  xvii,  176. 
Platycerium,  prothallus  of,  xviii,  238. 
Polyembryony,  true  and  false,  xvii, 

334. 
Poplars  of  N.  America,    WaigoUj  xv, 

136. 
Potatoes,  globulin  in,  xx,  146. 
Primulacese,  morphology  of,  xv,  401. 
Respiration  of  plants,  xi,  238. 
Rocky  Mountains,  Hooker,  xiv,  606. 
Rubus,  xix,  492. 
Sapotacese,  xv,  402. 
Sarracenia  purpurea,  xvi,  488. 
Schizseacese,  germination  of,  xvi,  76. 
Scirpus,  flowers  in,  xii,  467. 
Seeds,  effect  of  cold  on,  xix,  328. 

that  float  in  water,  xi,  167. 
Self-fertilization  of  plants,  xvii,  489. 
Shortia  galacifolia  re-discovered,  xvi, 

483. 
Smilacese,  xvi,  326. 
Species,  botanical,  xix,  492. 
Staining  flowers,  xviii,  41 6. 
Sugar  beet,  alcohol  from  leaves  of, 

xiii.  218. 
Sweet  potato,  Johnson,  xiii,  197. 
Tansy,  oil  of,  xv,  475. 
Tendrils,  coiling  of,  xiii,  391. 
Thallophytes,  cell-nucleus  of,  xix,  76. 
Thuret's  garden,  xv,  153. 
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Botany — 
Tissues,  morphology  of,  xix,  329. 
Transpiration  in  plants,  xv,  73,  156. 
Tree-planting,  xil,  13. 
Trichostema,   insect-fertilization,   xv, 

224. 
Ulothrix  zonata,  reproduction  of,  xiii, 

163. 
Utricularia  vulgaris,  xii,  398. 
Valerian,  oil  of,  xv,  475. 
Yallisneria,  rapid  growth  in,  xiv,  243. 
Vegetation,  Gilbert,  xiii,  20,  99,  181. 
Vegetative  organs  of  parasites,   xi, 

239. 
Venezuela,  mosses  of,  xviii,  316. 
Vicia,  vicin  from,  xi,  488. 
Viola,  cleistogamic  flowers  of,  xviii, 

156. 
Weeds,  pertinacity  and  predominance 

of.  Gray  J  xviii,  161. 
Wheeler's  survey,  xviii,  164. 
Wild  flowers  of  America,  xiv,  497. 
Willow,  the  weeping,  xi,  69. 
See  further  under  Gbolooy. 
Bottomley,  J.  T.,  Dynamics,  xiv,  168. 
BoUinger,  phlobathen  and  oak-red,  xx, 

144. 
Bougaard,  phyllic  acid,   extracted  from 

leaves,  xiv,  48H. 
Bourbonne-les-Bains  minerals,  xii,  150. 
Bottrgoin,  action  of  bromine  upon  pyro- 

tartaric  acid,  xiv,  150. 
Boussingault,  chrome  steel,  xvi,  478. 
BouUerow,  isobutylene,  xiv,  66. 
Bouvi,  T.  71,  origin  of  porphyry,  xi,  496. 
Brachiopoda,  see  Geology  and  Zoology. 
Bradcett,   C.  F.,  Kdison's  dynamometer, 

etc.,  xix,  475. 
Bradley,  F.  H.,  Geol.  Map,  noticed,  xi,68. 
Geological  Chart  of  United  States, 
xii,  286. 
Braio,  extirpation  of,  xv,  321. 

Soe  also  Zoology. 
Brandegee,  T.  S.,  Flora  of  Colorado,  xii, 

234. 
Braim,  electricity  as  the  equivalent  of 

chemical  processes,  xvii,  167. 
Brazil,  Amazonas,  geology  of,  xvii,  464. 
coral  reefs  of,  xvii,  326. 
diamantiferous  region,  xviii,  310. 
echini  of,  Bathbun,  xv,  82. 
Eozoon  from,  xix,  324,  326. 
flora  of,  xi,  239,  xii,  156,  xiv,  427, 
xvi,  74,  xvii,  69. 

geology  of,  xi.  466.  xii,  464,  xvii, 
464,  xviii,  310,  xix,  236,  324,  326. 
Rio  Sao-Francisco,  xix.  236. 
Breezes,  land  and  sea,  Sherman,  xix,  300. 
Brefield,  0.,  Basidiomycetes,  xv,  153. 
Bremer,  action   of  hypo-chlorous  oxide 
on  e^ylene,  xvii,  246. 


Bremiker,  C,  Logarithmic  Taldes,  xix, 

496. 
Bressa  Prize,  Turin  Acad.  ScL,  xiii,  167. 
Brewer,  W.  H.,  Botany  of  California,  xii, 

78. 
Brieger,  skatol,  xviii,  480. 
British  Columbia,  Botany  of,  xiv,  427. 
coal  bearing  rocks  ot  xvii  149. 
Jurassic  fossils  fVom,  xvi,  71. 
surface  geology  of,  xvi,  147. 
Tertiary  insects  of,  xiv,  322,  xix, 
159. 
Broadheady  G.  C,  gold  in  Missouri,  xi, 
150. 

barite  and  gdthite  from  Missouri, 
xiii,  419. 
origin  of  the  loess,  xviii,  427. 
Brohnensieg,  G.  C.  W.,  Year  book  of 

Botanical  Literature,  xiv,  160. 
Bromide,  decomposition  of  potassic,  xii, 

190. 
Bromine,  action  of,   upon  pyrotartario 
acid,  xiv,   150. 
solidifying  point  of,  xviii,  304. 
Brongniart,  A.,  coal  plants  of  China,  xi, 

66. 
Brontotheridse,  see  Geology. 
Brooks,  T.  B.,  Hiironian  south  of  Lake 

Superior,  xi,  206,  xii,  1^4. 
Brooks,  W.  K.,  eriibryology  of  oyster, 
xviii,  425. 

cephalopod  siphon  and  arms,  xx, 
288. 

rhythmical  character  of  segmenta- 
tion, XX,  293. 
Broun,  W.  L.,  terrestrial  electrical  fsa- 

rents,  xv,  385. 
Brotctting,  J.,  new  magnifier,  xii,  57. 
Briihl,  purification  of  mercury,  xvii,  403. 
molecular    refractive    power   and 
chemical  constitution,  xix,  66. 
Brush,  G.  J.,  duranglte,  xi,  464. 

new  phosphates  from  Fairfield  Coun- 
ty, Conn.,  XV,  398,  481. 

Fairfield  Count v  minerals,  xvi  ^ 
114,  xvii,  359,  xviii,  45,  xx,  257. 

relation    between   childrenite  and 
eosphorite,  xix,  316. 

crystallized  Danburite,  xx,  111. 
mineral    locality     at    Branchrille, 
Conn.,  XX,  257,  351. 
Bruylants,  oils  of  tansy  and  valerian,  xr, 
475. 

hydrobromic  and    hydriodic  add, 
xix,  68. 
Buchanan,  A.  H.,  solar  eclipses,  xx,  79. 
Buck,  A.  H.,  Treatise  on  Hygiene,  xriii, 

322. 
Buckley,  S.  B.,  Geological  Report,  xii,  63. 
Buff,  thermal  conductivity  of  air,  xt, 
147. 
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Buffalo  Soc.  Nat  Sci.,  Bulletin  of,  xiii, 

325. 
Bungener^  synthesis  of  chrjsene,  xviii, 

143. 
Bumhamy  S.  W.j  catalogue  of  double 
stars,  zii,  204. 

double-star  disooveries,  xiv,  31. 
double-stars    discovered     by    Mr. 
Alvan  G.  Clark,  xvii,  283. 
Lick  observatory,  xx.  338. 
Double-star  Observations,  xix,  82, 
462. 
Burtofiy   B.   S.,   meteorite  from   North 

Carolina,  xii,  439. 
BuBsey    Institution,    Bulletin,   xi,   246, 

414,  xiv,  168,  XV,  223,  xvi,  163. 
ButieroWf  juice  of  asclepiad,  xii,  64. 
Butylene,  normal,  xv,  474. 


Cadmium,    electrolytic    estimation    of. 

Smith,  xvii,  60. 
OaiiUtetj  liigh-pressure  manometer,  xii, 
215,  xiii,  303. 
liquefaction  of  oxygen,  etc.,  xv,  141. 
of  acetylene,  etc.,  xv,  1 42. 
Calaveras  skull,  xviii,  234. 
Calcium  oxide,  union  of  with  carbon 

dioxide,  xviii,  399. 
Calc-spar,    diamagnetic    constants    of, 
Rowland,  xviii,   360;  JacqueSy  xviii, 
368. 
Caldwell,  6.  C,  Chemical  Practice,  xi, 

225. 
Oalifomia,  ancient  river  system,  xviii, 
.  146,  xix,  176. 

auriferous  gavels  of  Sierra  Nevada, 
XV,  319,  396,  xviu,  145,  233,  xx,  460. 
bemardinite  (Vom,  xviii,  67. 
Botany  of,  xii  78,  xvii,  413. 
Calaveras  skull,  xviii,  234. 
cave  bear  from,  xix,  166. 
Coast  range,  formation  of,  xi,  297. 
^       disease  of  olive  and  orange  trees, 
xii,  37. 

fossil  wood  from  Oalistoga,  xviii, 
162. 
Ivanp^  meteoric  iron,  xix,  381. 
Lake  Mono  volcanoes,  xviii,  35. 
quartz  of,  xix,  371. 
river  beds,  old,  xviii,  145,  xix,  176. 
State  Geological  Socie^,  xiii,  326. 
Tejon  gn^up,  age  of,  xiv,  321. 
Ckdl,  B.  E.,  types  of  molluscs,  xx,  158. 
CWvtn,  S.,  shale  at  Independence,  Iowa, 

XV,  460. 
Ckanpbdl,  J.  X.,  Silurian  in  Virginia, 
xvUi,  16. 

geology  of  Virginia,  xviii,  119,  239, 
435. 


Canada,  Acadian  geology,  xv,  478. 
apatites  of,  xviii,  485. 
Archaean  of,  xiv,  313. 
fossil    insects   fh>m,  xiv,  322,  xix, 
159. 

geological  reports,  xii,  218,  xiii, 
167,  xiv,  70,  322,  427,  xvi,  148,  xviii, 
410,412,  481,  xix,  159. 

glacial  striae  in  Ontario,  xi,  150. 

.  about  Lake  Winnepeg,  xii,  218. 
Huronian  of,  xii,  461. 
lakes,  height  of,  xii.  218. 
meteorological  report  of,  xi,  76,  xii, 
399. 
minerals  of,  xii,  218,  xviii,  412. 
plant  catalogues,  xiv,  427.  xvi,  166. 
salt-region  of  Ooderich,  xiii,  231. 
Capillarity,  Gauss's  theory  of,  xiv,  152. 
Capron,  J.  R.,  Auroi^ae,  xix,  164. 
Carbonates  and  oxalates,  xiv,  482. 
Carbon  compounds  in  meteorites,  Smith, 
xi,  388,  433. 

in  trap,  xvi,  112,  130. 
disulphide,  action  of,  xv,  306. 

purification,  xi,  319. 
in  luminous  flames,  xiii,  217. 
monoxide  and  ozone,  xi,  136. 
Carbons  in  titie  electric    lamp,    Wiley, 

xviii,  55. 
Carbonic  acid,  see  Acid, 
Carboniferous,  see  Geoloot. 
Carbonyl  bromide,  xx,  58. 
haemoglobin,  xx,  429. 
Carll,  J.  F.,  oil  well  records,  xv,  315. 
Carmiehad,  H.,  presentation  of  sonorous 

vibrations,  xix,  312. 
CameUey,  determination  of  high  melting 
points,  xiv,  65. 
melting  and  boiling  points,  xvi,  3 1 5. 
Carnot,   H.,  mechanical   equivalent  of 

heat,  xviii,  405. 
Carpenter,  W.  B.,  oceanic  circulation,  xii, 
159. 

physical  investigations  on  the  ''Val- 
orous," xiii,  437. 

Mesmerism,   Spiritualism,  etc.,  xv, 
160. 
Carter,  H.  J.,  mode  of  growth  of  Strom - 

atopora,  xviii,  240,  409. 
Caruel,  T.,  Botanical  Journal,  xii,  468. 
Casamajor,  P.,  translation  of  paper  of 

Marignac,  xv,  89,  184. 
Caspian  and  Black  Seas,  xii,  162. 

Sea,  zoology  of,  xi,  500. 
Caton,   J.   D.,    Antelope  and    Deer   of 

America,  xiv,  426. 
Catskill  Mountains,  Guyot,  xix,  429. 

see  also  New  York. 
Cave,  see  Geoloot. 
Cayley,  A.,  Elliptic  Functions,  xiv,  76. 
'  Cazeneuvt,  hematin,  xiv,  311. 
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Cazin,  spectrum  of  the  electric  spark, 

XV,  148. 
Cdakovsky,  L.,  gymuospermy  of  CJonif- 

erae,  xviii,  311. 
Cellulose  and  its  nitro  derivatives,  xiz. 

405. 
CeotenDial,  men  of  science  at,  xii,  161. 
Oephalization,  see  Zoology. 
Cerium,  atomic  weight  of,  xi,  142. 

metallic,  xii,  53. 
Cesati,  V.,  botanical  works,  not.,  xv,  75. 
Challenger  expedition,  deep  sea  observa* 
tioDS,  xi,  78,  161,  506,  xii,  255. 
echinoderms  of,  xiii,  164. 
OphiuridiB  and  Astrophytidse  of, 
xvi,  406,  xix,  248. 

zoology  of,  xiii,  1 65. 
Chamberlin,  T.  C,  Wisconsin  Geological 
Reports,  xi,  233,  xiii,  230,  xv,  61,  216, 
xvii,  410,  xix,  488,  xx,  70. 
Chambers,  G.  F.,  Descriptive  Astronomy, 

xiv,  163. 
Champion    and    Pettet^  asparagin    and 

saccharimetry,  xii,  139. 
Chapman^  E.  /.,  glacial  striae  in  Canada, 
xi,  150. 

Protichnitesand  Climatichnites,  xiv, 
240. 
Geology  of  Canada,  xiii,  81. 
Charcoal,  composition  of,  from  pure  cel- 
lulose, xviii,  66. 
Ohaataing,  P.,  influence  of  light  in  chem- 
ical changes,  xiv,  416. 
ChaumonU  theory  of  ventilation,  xii,  241. 
Chemical  affinity  in  terms  of  electromo- 
tive force,  XIX,  486. 
curves,  xx,  141. 
dynamics,  xi,  214,  xv,  308. 
heat  data,  xv,  304. 
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Lower  Amazons,  xvii, 

the  Rio  S&o  Francisco, 
36. 
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zirconia  for  the  oxyhydrogen  light, 
xiv,  208. 

projection    of    microscope    photo- 
graphs, XV,  259. 

dark  lines  in  the  solar  spectrum, 
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Dwighty  W.  B.,  the  Wappiuger  valley 

limeBtone,  xyii,  389,  xU,  60,  451. 
Dynamics,  chemical,  xi,  214. 
Dynamometer,  Edison's,  xix,  475. 
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Earth,  age  of,  OroU,  xli,  457. 

critical  periods  in  history  of,  xiv,  99. 
physical  evolution  of,  xil  142. 
tidal  retardation  of,  xii,  457. 
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Japanese,  xvi,  80. 
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Electrical  Society,  Journal,  not,  xi,  162. 
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225. 

of  stretched  silver  wire,  xi,  224 
Electric  conductors,  change  of  volume 
of,  xi,  490. 

convection,  magnetic  effect  ot  Bo^ 
land,  xii,  390,  xv,  30. 

current,  action  of    magnetism  on, 
xi,  57 ;  HaU,  xix,  200,  235,  xx,  161. 
interrupter,  xvii,  407. 
currents,  in  plants,  xviii,  414. 
terrestrial,  Broun,  xv,  385. 
strength  of  telephonic,  xvi,  386. 
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in  rarefied  gases,  xx,  431. 
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economy  and  subdivision  of,  xrii, 
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and  heat,  theory  of  development  ot 
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Ellis,  J.  B.,  N.  American  Fungi,  ^vii,  71. 
ElsoMer,  evolution  of  hydrogen  in  elec- 
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Elwes,  H.  J.,  Monograph  of  Lilium,  xvi, 

75. 
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Engler,  A.,  Aracese,  xviii,  486. 
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xiv,  74. 
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xii,  138. 
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friction  of,  xii,  217. 
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sulphate,  xii,  50,  xx,  429. 
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Euxauthon,  constitution  of,  xiv,  484. 
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Wallace,  xii,  356. 
of  Spirifer  Isevis,  xx,  456. 
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xvi,   76,  401,  486,  xvii,  71,  256,  413, 
xviii,  238,  416,  xix,  76. 
onion-smut,  xiii,  392. 
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on  Fung^,  noticed,  xi,  414. 
Farmer^   economy  and    subdivision  of 

the  electric  light,  xvii,  66. 
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paleontology   of  Polar  expedition, 
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Fisher,  lead  tetrachloride,  xviii,  141. 
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Fog-signals,  Henry,  xiii,  161. 
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Foot  bones,  nomenclature  of,  xix,  170. 
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note  on  Atops  trilineatus,  xix,  152. 
western  limit  of  the  Taoonic  Sys- 
tem, xix,  226. 
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Forest  geography  and  arcbsology,  6rray, 
xvi,  86,  183. 
see  also  Botany. 
Forsyth,  Yellowstone  Expedition,  xi,  79. 
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XV,  192. 
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hydrocarbons,  xiv,  411. 
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sippi,  xvi,  407. 
Wheeler,   G,  Af.,  Geological  Reports, 

xi,  244,  xii,  61,  xiii,  468,  xv,  65. 
Whiiaker,   W.,  Geological  Reoord,  zi, 

411,  xiv,  423,  xvii,  332.  xx,  334. 
White,  C.  A.,  Paleontologj  of  Wheel- 
er's Report,  xii,  62. 
Invertebrate  Fossils  of  Nevadi, 

etc.,  XV,  65. 
Invertebrate  Fossils.  Illinois,  etc, 

XV.  398. 
Western  Cretaceous  Fossils,  lii, 

327. 
White,  I.  C,  Pennsylvania  GeoL  R^ 

ports,  xvi,  142,  xix,  72,  487,  xx,  69. 
Whiteaves,  J.  F.,  Fossil  Invertebrates 

f^om  Queen  Charlotte  Is.,  xiii,  157. 
Whitfield,  R.  P.,  Paleontology  of  the 

Black  Hills,  xiv,  321. 
Whitney,   J.    D..    Geographical   sod 

Geological  Surveys,  xi,  67. 

Origin  of  Forest  and  Prairie  Re- 
gions, xiii,  81. 

Auriferous  Gravels  of  the  Siem 

Nevada,  xviii  145,  233,  xx,  460. 
Winchell,  N,  H,,  Minnesota  Geological 

Repts.,  xii,  149,  xiv,  422,  xvii,  168. 

xviii,  483. 
Worthen,  A.   H.,   Illinois  Geok)gical 

Reports,  xi,  68,  231,  xii,  227. 
Wynne^  Trans-Indus  Salt  Region,  xii, 

462. 
Zirkel,  F.,  Microscopical  Petrogn^hj, 

xiii,  309. 
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Acadian,  xv,  478. 

Adirondacks,  lithology  of,  ziv,  240. 

Alps,  section  of,  xvi,  160. 

volcanic  phenomena  of,  zii  69. 
Allotheria,  Marsk^  xx«  239. 
Annelids,   Lower   Silurian,    GrinneU, 

xiv,  229. 
Archsean  of  Canada,  xiv,  313. 

of  the  Wahsatch  Mts.,  xix,  363. 
Arctic  expedition,  xv,  219,  xvi,  139, 

140. 
fossil  flora,  xiii,  473,  xvil  70. 
saurian  from,  xiii,  3 1 6. 
Arctosaurus  Osbomi,  xiii,  316. 
Ashley  Beds,  fossils  from,  xii,  222. 
Atmosphere,  geological  relations  of, 

Hunt,  xix,  349. 
Atops  trilineatus,  Ford,  xix,  1 62. 
Amasonas,  lower,  Raihhun^  xvii,  464. 
Auriferous  gavels  of  Califomia,  Whit- 
ney, xviii  145,  233,  xx.  460. 
Balanus  Edtrellanus,  Conrady  xiii,  166. 
Basalt,  Zirkd,  xiii,  312. 
Batrachians,  Carboniferous,  Dawson, 

xii,  440. 
Belemnocrinus,  revision  of  the  genus, 

WcuhamtUh  and  springer,  xiii,  263. 
Belgium,  plutonic  rocks  ot  xiii,  234. 
Berkshire  and  Vermont,  Dana,  xiv,  37, 

132.  202,  267. 
Bird,  fossil  Passerine,  AUen,  xv,  381. 
Birds,  Cretaceous,  Marsh,  xi,  609,  xii, 

69,  xiv,  86,  263,  349,  xvii,  266,  xx, 

149. 
"Bitumen"  in  trap,  xvi,  112, 130. 
Bituminous  coal-flelds,  Penn.,  xvi,  142. 
Botryopteris  Forensis.  xi,  238. 
Bowlders,  large,  xiv,  496. 

in  coal,  xvii,  68. 
Brachiopods,  Swedish,  xii,  227,  xv,364. 
Brazil,  xi,  466,  xii,  464,  xvii,  326,  464, 

xviii,  310,  xix,  236,  324,  326. 
Breccia-granite,  New  Hampshire,  xiv, 

319. 
British  Columbia,  Dawson,  xvi,  147. 
BrontotheridsB,  Marsh,  xi,  336,  xii,  60, 

xiv,  362. 
Buthotrephis  Lesquereuxi,  Grote  and 

PiU,  xi,  160. 
Caldferous  fossUs,  new,  WakoU,  xviii, 

162. 
California,  horizontal  crushing  in  Coast 

range,  LeConte,  xi,  297. 
Cuiis  Mississippiensis,  AUen.  xi,  49. 
Carboniferous  articulates,  xi,  494. 
flora,  Grand'eury,  xiii,  222. 
footprints  in  Indiana,  xii,  307. 
in  Massachusetts,  xx,  416. 
Pulmonates,  Dawwn,  xii,  226. 
relation  of  to  Permian,  xiii,  316. 
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Caribou  from  loess  of  Iowa,  xvii,  410. 
Catoosa  County,  Georgia,  Vogdes^  xviii, 

476. 
Catskill   Mts.,   age  and  structure  of, 

HaU,  xU,  300 ;   Guypot,  xix,  429. 
Cave  bear  of  California,  xix,  166. 
Robin  Hood,  ni,  223. 
Moravian,  xviii,  236. 
explorations  in  Devonshire,  Pen- 
gtUy,  xiv,  299,  387. 
Caves,  Western,  Shakr,  xiii,  226 ;  Ho- 

vey,  xvi,  466. 
Ceratodus  Gilntheri,  Marsh,  xv,  76. 
Cervus  Whitneyi,  AUtn,  xi,  49. 
Chalk  in  the  Xew  Britain  group,  xx, 

333. 
Champlain  period,  ice-floes,  xi,  226. 
Charleston.  S.  C,  Cretaceous  and  Ter- 
tiary of,  Vogdes,  xvi,  69. 
China,  Bichtho/en,  xiv,  487. 
Chloride  formation  of  New  Haven  re- 
gion, Dana,  xi,  119. 
rocks  of,  Howes,  xi,  122,  xv,  219. 
Chondrosteoeaurus,  Owen,  xvi,  396. 
Cincinnati  group,  xvii,  484. 
Clay-slates  and  grits  of  Poughkeepsie, 

IkUt,  xvii,  67. 
Cleveland  shale  in  Delaware  Co.,  Ohio, 

xvi,  70. 
Clidastes,  Marsh  and  Cope  on,  xi,  66. 
Climate  and  Time,  Croll's,  Newcomh, 
xi,  263. 
causes  of  change  in,  xvi,  387. 
ClimatichDites,  Chapman,  xiv,  240. 
Coal,  analyris  of,  Sloane,  xiv,  286. 
bowlders  in.  Hicks,  xvii,  68. 
eras  of  India,  xii,  67. 
of  British  Columbia,  xvi,  149. 
Coal-measure  plants  of  Chili,  xii,  308. 
Coal-measures,  marine  plants  io,  xii, 

221. 
CordaitoB,  fruit-bearing,  xvii,  409. 
with  flowers,  Penn.,  xv,  317. 
Colorado  Plateau,  erosion,  and  mount- 
ain making,  Gilberi,  xii,  16,  86. 
Conj^lomerates  of  Weet  Virginia,  Fon- 
taine, xi,  276,  374. 
Conodonts,  Hinde,  xix,  327,  418. 
Copper-bearing  sericp.  Brooks,  xi,  206. 
Coral  reefs  of  Brazil,  Batfibun,  xvii, 3 2 6. 
Corals,  recent,  elevated,  in  Peru,  xi, 
499. 

Tertiary,  in  Tasmania,  xii,  226. 
Coralline  limestone.  N.  Jersey,  xv,  370. 
Coryphodon,  Marsh,  xi,  426,  xiv,  81, 

3*54 ;    Owen,  xvi,  395.  : 

Cretaceous  and  Eocene  shells,  Conrad, 
xiii,  156. 
of  Queen  Charlotte  Is.,  xiii,  157. 
Vertebrata,  Cope,  xi,  64. 
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Criuoids,  new  Siibcarboniferous,  zlx, 
328. 

structure    ot    WacfismiUh^    ziv, 
116,  181. 
Cnistaoea,  Deyonian  from  Ohio,  Whit- 
field, zix,  33. 
Cupressinozylon    taxodioides,    zviii, 

152. 
Dalmanites  dentata,  Barrett^  xi,  153, 

200,  xii,  to. 
Dana's  Manual,  errata,  xl,  235. 
Diamond -field,  Cudge^ong,  xviii,  79. 
Diatryma  g^gantea,  Cope,  xi,  493,  xii, 

306. 
Dinocerata,  Marsh,  xi,  163,  xii,  60,  xiv, 
358;  Ou;en,  xi,  401;  O-jftom,  xyii,304. 
Dinosaurs,  American  Jurassic,  Marsh, 
xiv,  87,  254,  348.  514,  xvi,  411,  xvii, 
86,  181,  xviii,  501,  xix,  253,  395. 
sternum  in.  Marsh,  xix,  395. 
Ditroyte,  xiii,  159. 
Dolerytes,  iron  in,  Howes,  xiii,  33. 
Dolomite  of  southern  Tyrol,  xviii,  7 1 . 
Dolomites,  origin  of,  xii,  72,  xviii,  71. 
Drift  and  gold  in  Missouri,  xi,  150. 
formations  in  Iowa,  McGee,  xy, 
339. 
in  New  Jersey,  xv,  217. 
flint  implements  in,  xiv,  247, 
xvi,  409. 

of  Virginia,  flint  implements  in, 
xi,  196 

superposition  of  glacial,  McGee, 
xviii,  301. 
Driflless  interior  of  North  America, 
Dana,  xv,  260. 

region  of  Northwest,  Irving,  xv, 
313. 

of  Wisconsin,  xv,  61,  264,  406. 
Earth,  edible,  from  Japan,  xix.  417. 
Earth,  critical  periods  in  the  history 
of,  LeCorUe,  xiv,  99. 

interior  of  the,  Hennessy,  xvi,  461. 
Earth's  axis  as  iiffected  by  geological 
changes,  xiii,  444. 
see  ftlso  Earth. 
Elephant  remains  in  Washington  Ter- 
ritory, xiii,  167,  xviii,  79. 
Eocene  bird,  Cope,  xi,  493,  xii,  306. 
corals,  in  Italy,  xi,  498. 
fauna  of  N.  Mexico,  Cope,  xii,  297. 
Eohan  limestone  of  Vermont,  fossils 

in.  Wing,  xiii,  332.  406. 
Eozoon,   nature   of,    Hahn,    xi,  492 ; 
Dawson,  xii,  147,  xvii,  196 ;  Mobius, 
xviii,  177,  240. 
and  serpentine,  xii,  147. 
from  Brazil,  xix,  324,  326. 
Erosion,  Gilbert,  xii,  88;  Dana,  xii,  1 92 ; 
by  rivers,  xiii,  314. 
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Erosion  by  spray,  Andrews^  xii,  304 

glacial,  Niles,  xvi,  366. 
Eruptive  rocks  in  New  Hampshire, 

Havoes,  xvii,  147. 
Falls  of  St  Anthony,  recession  ot  xiv. 
423. 
of  the  Ohio,  xv,  395. 
Faults  and  jointis,  Davbr^  xv,  480. 
Feldspathic  rocks,  solubility  of,  xiii, 

315. 
Firth    of    Forth,   volcanic  rodcs  of, 

Geikie,  xix,  414. 
Fishes,  Triassio  of  New  Jersey  and 
Connecticut,  xvi,  149. 
Devonian,  in  Russia,  xi,  234. 
of  Green  River  shales,  xiv,  356, 
422. 
Footprints,  Mesozoic  of  New  Jeraej, 
xviii,  232. 

from   anthracite  ooal  measnra, 
xviii,  232. 
Forest  and  prairie  refpons,  origin  of, 
xiii,  81. 

geog^phy,  Gray,  xvi,  85,  183. 
Fortieth  parallel,  xiii,  309,  xvi,  234. 
King,    xi,    475,     494,    xvii,    170; 
Pumpeliy,  xvii,  296. 
Fossil  plants  of  the  Sierra  Nefada, 
XV,  319,  396. 

wood  from  the  Keokuk,  Wa&aee, 
XV,  396. 
Fox  Hills  group  of  Colorado,  iSbPa* 

son,  xvii,  369. 
Fruits  or  seeds,  fossil,  xi,  238. 
Fucoid  fVom  Water-lime  g^up,  zi,  150. 
Gahsteo  Creek,  Stevenson,  xviii,  471. 
G  codes  of  the  Keokuk,  Wallace,  zr, 

366. 
Geological  Record,  1875,  xiv,  423. 
Gibraltar,  geology  of,  xviii,  149. 
Ginkgo,  recent  »nd  extinct,  xix,  328. 
Glacial  drift,  McGee,  xviii,  301. 

flint  implements  in,  AbboU,  zir, 
247,  xvi,  409. 

era,  cause  of  cold  of,  OroU,  xii 
389. 

in  Great  Britain,  xii,  65. 
note  on.  xiii,  79. 
Permian  or  Triassic,  xii,  6T. 
eras  of  Europe,  xv,  317. 
erosion  of  vallejrs,  xvi,  366. 
facts  of  Columbia,  xviii,  482. 
of  Jefferson  Co.,  N.  Y..  xi,  495. 
of  Lake   Winnipeg,   xii,  218. 
xviii,  483. 

of  Pennsylvania,  xi,  233. 
of  Shetland  Is.,  xiii,  155,  zx,  'I 
of  the  Urals,  xiii  232. 
phenomena  in   the  Permiao  of 
India  and  S.  AMca,  xix,  150. 
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iood,  DanOf  xii,  64,  125. 

*aines,  terminal,  Upham^  xviii, 

7. 

f  New  Jersey,  xv,  217. 

tnomena  of  N.  America,  xiii, 

I. 

se  in  Western  Canada,  xi,  150. 

damming  of  streams  by  ioe 
^  the  melting  of  the  great, 
,  xi,  178. 

sil,  of  Alaska,  Doll,  xx,  335. 
1,  movements  of,  xix,  425. 
;he  Himalayas,  xvi,  163. 
the  Swiss  Alps,  xiv,  240. 
ites,  xii,  69. 

deposits   of   Boone    county, 
acky,  Sutton,  xiv,  239. 
ares  in  the  Merrimack  valley, 
hi,  xiv,  239. 

■Its.,  xi,  151,  xix,  191,  236. 
stones"  of  Cornwall,  xiii,  159. 
New  Hampshire,  Hawee,  xii, 
595. 

1  Land,  quaternary  of,  xv,  219. 
lendron,  Ohio,  Claypole,  xv.302. 

volcanic  eruptions  in,  xiv,  68. 
)erg  in  Vermont  and   Massa- 
)tt8,  Dawt,  xiv,  379. 
Connecticut  Valley,  xiii,  313. 
Mountains,  xix,  17. 
1  River  age  of  the  Poughkeep- 
ales,  Dale,  xvii,  57. 
.   River  age  of    the  Taconic 
ts,  Dana,  xviii,  61. 
m  River  Group,"  HaU,  xvi,482. 
y,  eruptive  rocks  of,  xii,  69. 
in  of  Canada,  Sdvryn,  xii,  461. 
Lake  Superior  region,  xi,  206, 
rii,  194.  xiii,  245,  xvii,  393. 
arbons  in  trap,  xvi,  112,  130. 
I,  in  the  Champlain,  xi,  225. 
I  eruptions,   Oregon,    Condon, 

406. 

Ion  Preswitchii,  xx,  334. 

idence  shale,  Iowa,  xv,  460. 

early  types  of,  Scudder,  xvii, 

rtiary  of  Quesnel,  xiv,  322.        , 
m   American   Tertiaries,   xiv, 

)s  of  Pictou,  Dawson,  xx,  241. 
nd  faults,  Daubree,  xv,  480. 
3  fossils  in  British  Columbia, 
fl. 

mmals,  Marsh,  xv,  459,  viii, 
15,  396,  XX,  235. 
•tiles,  Marsh,  xiv,  87,  254,  348, 
614,  XV,  241,  xvi,  233,  411, 
86,  86,  181,  xviu,  501,  xix, 
263,  395,  491. 
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Jura-Trias  of  North  America,  WAtie, 

xvii,  214. 
Kames  in  New  Hampshire,  xiv,  156. 
Kudaruyamite,  xiii,  389. 
Land  snails  of  Paleozoic,  Daiw9on,  xz, 

403. 
Lake,  Great  Salt,  outlet  of,  xi,  149, 
228,  XV,  65,  256,  439,  xix,  341. 

Superior,  eruptive  copper  bearing 
rocks  of,  xvi,  143,  xx,  330. 

Huronian  ot  xi  206,  493,  xii, 
194,  xiii,  246,  xvii,  393. 
Winnipeg,  discharge  of,  xvii,  120. 
Lakes,  region  of  the  great,  xvi,  394. 
Laramie  group,  age  of.  Bannister,  xvii, 
243. 

of  Colorado,  xviii,  1 29. 
Lignitic  beds,  age  of,  xi,  147,  496,  xii, 
146. 
of  Judith  River,  xiv,  154. 
Limestone    of   Westchester    county, 

Dana,  xx,  21,  194,  359,  460. 
Limonite  ore  beds,  Iktna,  xiv,  132. 
Ling^  in  the  Trenton.  Whi^eld,  xix, 

472. 
Lingulella  caelata,  Ford,  xv,  127. 
Litbological  characters,  use  of,  Zkina. 

xiv,  259,  384. 
Loess  of   Minnesota,   WincJuH,   xvii, 
168. 

of  Mississippi  Valley,  xviii,  106, 
427. 
of  the  Missouri,  Ibdd,  xviii,  148. 
of  Northern  China,  xiv,  488. 
of  the  Rhine  and  Danube,  xiii, 3 83. 
origin  of,  Bichtho/m,  xiv,  488; 
Broadhead,    xviii,    427 ;     HUgard, 
xviii,    106;    Pumpelly,   xvii,    133; 
Todd,  xviii,  148. 
London,  rocks  under,  xviii,  151. 
Long  Island,  heights  on,  xiii,  235, 403. 

water-courses  on,  xiii,  142,  215. 
Lower  Carboniferous  in  Ohio,AndrewSy 

xviii,  137. 
Loxolophodon,  lower  jaw  of,  Osbom 

and  Spier,  xvii,  304. 
Madurea  magna  in  the  Bamegat  lime- 
stone, Whitfield,  xviii,  227. 
Mammals,  Tertiary,  Marsh,  xi,  163, 
249,  335,  425,  xii,  59,  401,  xiv.  81, 
249,  362,  xvii  499 ;  Cope,  xii,  297, 
XV,  56,  xviii,  236,  xix,  155,  262. 

Jurassic,  Marsh,  xv,  469,  xviii, 
60,  216,  396,  XX,  236. 
Man,  antiquity  of,  xix,  319,  .^23. 

and  mammalia    in    Robin-Hood 
Cave,  xii,  223. 
in  Lower  Pliocene,  xii,  147. 
Marbles,  Carrara,  xii,  147. 
Mascarene  of  New  BrunswidE,  xii,  218. 
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Mesozoio  of  Virginia,  xvii,  25, 151,229. 

red  shales,  fishes  of,  xii,  223. 
Metadiabase,  see  Gremstones. 
Mexico,  the  Huasteca,  Kimball^  xii, 

211. 
Microdiscus  speciosus,  Ford,  xiii,  141. 
Minnesota  yalley,  origin  of,  xvi,  41 7. 
Miocene  in  Southern   New  Guinea, 

xiii,  157. 
Mississippi  yalley,  origin  of,  xvi,  417. 

loess  of,  Hilgard^  zviii,  1 06. 
Moa  in  New  Zealand,  xi,  330. 
Moraines,  see  GktciaL 
Moravia,  bone  cave  in,  xviii,  235. 
Mosasauroid  reptiles,  MarsJi,  xix,  83. 
Mountains,  origin  and  structure  of, 

Powell,  xU,  414;   Gilbert  xii,  16,  85; 

Dutton,  xii,  142;  Darwin,  xvii,  320; 

LeConte,  xvi,  95 ;  Dana,  xvii,  325. 
Musk  ox  in  the  Rhine  loess,  xv.  398. 
Nebraska,  physical    geography    and 

geology  of,  Augfiey,  xix,  412. 
NereidavuH  varians,  OrinneU,  xiv,  229. 
New  Caledonia,  xl,  151. 
New  Hampshire,  xiv,  316,  xvi,  399. 
eruptive  rocks  in,  Hawta,  xvii, 

147. 
New  Haven,  diift  deposits,  Dana,  xii, 

125. 
New  Mexico,  Stevenson,  xviii,  471. 
New  Jersey,  flint  implements  in  drift 

of,  xiv,  247,  xvi,  409. 
New  York,  Southern,  flail,  xii,  300. 
Obolella  chroma tica,  Billings,  xi,  176. 
Odontornithes,  Marsh,  xL  509,  xiv,  85, 

349,  xvii,  266,  xx,  149. 
Oil-wells  of  Pennsylvania,  xvi,  393. 
Oil-sands  of  Pennsylvania,  xix,  415. 
Oldhamia  io  Wisi^onsin,  xii,  226. 
Olenellus  asaphoides,  Ford,  xv,  129. 
Orbiculoidea  conica,  Dwight,  xix.  452. 
Ore-bearing  rocks  of  Colorado,  xii,  7 1 . 
Oregon,  Miocene  fauna  of,  Cope,  xix, 

165,  252. 
Paleozoic    fossils,   catalogue  of,  xiii, 

389,  xiv,  156. 
with  serpentine,  xi,  491. 
of  Arizona,  xx,  221. 
on  40th  parallel.  King,  xi,  475. 
of  Pennsylvania,  xiii,  384. 
Pantotheria,  Marsh,  xx,*239. 
Pennsylvania,    crystalline    rocks    of 

Eastern,  HaU,  xix,  413. 
surface  geology  of,  Stevenson,  xv, 

245. 
Permian  flora  of  Penn.,  xix,  487. 

of  Arizona,  xx,  221. 
Petroleum,  origin  and  yield  of,  xix, 

168. 
Phosphates  in  rocks,  xiii,  234. 
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Plants  as  registers  of  geologioal  ^^ 
Dana,  xi,  407,  497. 

referred  to  Cretaceoufl,  age  oi,4 
497. 
coal,  of  China,  xi,  66. 
new  species  from  Virginia,  xi,  Id 
of  the  world  before  man.  Sapor 
ta's,  xvii,  270. 
Plateaus  of  Utah,  PoweO,  xx,  63. 
Polar  expedition,  xvi,  139,  140. 
Porcelain  rocks  of  Japan,  xiii  389. 
Porphyry  of  Marblehead,  xi,  495. 
Port  Jervis,  Lower  Helderbog  oi^  zi, 

385. 
Poughkeepsie,  foesila  in  the  vicaitf 
of,  DaU,  xvii,  57 ;  Dwight,  xvii,  389, 
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Primordial  fossils,  Ford,  xi,  369,  it, 
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from  New  Foundland,  Whikam, 
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of  Rocky  Mts.,  xii,  62. 
Propylyte,  xiii,  311. 
Protichnites,  Chapman,  xiv,  240. 
Prototyathus,  Ford^  xv,  124^. 
Pteranodontia,  Marshy  xi,  507,  xii,  4t9, 

xiv,  348. 
Pterichthys  CanadensiB,  Wkikavti^ 

135. 
Pterodactylus  montanus,  ManK  zri, 

233. 
Quebec  Group,  Selwyn,  xviii,  481. 
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mammals,  xi.  330. 
Rhine  and  Danube,  loess  of,  xiii,  383. 
Rhyolyte,  xiii,  312. 
Richmond  infusorial  stratum,  xi,  4D3. 
Rivers,  detritus  of,  xii,  462. 

old  of  California,  xviii  146,  xix, 
176.    See  further,  Eirosion, 
Rock  disintegration,  secular,  i\iii^el|, 

xvii,  133. 
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335,  431. 

eflbct  of  moisture  on  strength  of, 
xvi,  151. 
of  Quincy  and  Rockport,  xvi,  151 
Bchistosity  in,  xii,  148. 
Rocky  Mountains,  age  of,  Peole,  xoi, 

172,  388;  Stevenson,  xiii  297. 
Rondout,  the  fault  at,  xviii,  293,  409. 
Rooflng  slate  of  Pennsylvania,  Hud* 
son  River  fossil  in,  Lesley,  xix,  71. 
Salt,  at  Wyoming,  N.  Y.,  xvi,  144. 
regions  of  Goderich,  Canada,  xiii 
231. 

of  India,  xii,  462,  xix,  450. 
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valley,  xvii,  328. 
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.t  Trenton  Falls,  xi,  494. 
Barrett,  xi,  153,  200. 
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Trilobites,  appendages  of,  Walootif  xiii, 
233,  xiv,  494. 
monograph  of,  xiii,  80. 
embryonic.  Ford,  xiii,  265. 
Uinta  and  Wahsatch  ranges,  King^  xi, 

494. 
Uintacrinus  socialis  GrinneU,  xii,  81. 
Uniformitarianism,  Ramsay,  xx,  339. 
Utica  slate,  fossils  of,  xviii,  152. 
Vermont  and   Berkshire,  DanOj  xiv, 
37,  132,  202,  257. 

Wing's  discoveries  in,  DanOy  xiii, 
332,  405,  xiv,  36. 
Vertebrate  life,  American,  Marshy  xiv, 

337. 
Vertebrates  from  Lignitic  beds,'  Cope, 
xiv,  154. 
fr9m  Montana,  Cope,  xiii,  316. 
of  New  Mexican  Eocene,  Cope, 
xii,  297. 
Virginia,  geology  of,  CampibeHf  xviii, 
16,  119,239,  435. 

Mesozoic  strata  of,  Fontaine^  xvii, 
25,  151,  229. 
vespertine  strata  of,  xiii,  37, 115. 
Volcanic  phenomena  of  the  Alps,  xii, 

69. 
Volcanoes,  extinct,  about  Lake  Mono, 

LeContg,  xviii,  35. 
Wappinger  valley  limestone,  fossils  in, 

Dwight,  xvii,  389,  xix,  50,  451. 
Waverly  group  in  Ohio,  fficks,  xvi, 

216 ;  Orion,  xviii,  138. 
Westfield  during  Champlain  period, 

DiUer,  xiii,  262. 
West  Rock,  note  on,  xiv,  158. 
White  Mountains,  xiv,  317,  319. 
Wing's  discoveries  in  Vermont,  Dana, 

xiii,  332,  405. 
Yellowstone  Park,   fossil  forests  of, 

xvu,  409. 
Yucatan  coral  reefs,  xvi,  70. 
Georgia,  Ag^cultural  Report,  xiii,  246. 
Catoosa  County  geology,  xviii,  475, 
XX,  332. 
Geological  Report,  xi,  229. 
Geyser,  water  and  gas,  Ashbumer,  xviii, 

394. 
Gibbs,  J.  W.,  equilibrium  of  heterogene- 
ous substances,  xiii,  380,  xvi,  441. 
vapor-densities,  xviii,  277,  371. 
Gibbs,  W.,  complex  iuorganic  adds,  xiv, 

61. 
Gibraltar,  geology  of,  xviii,  149. 
Giesecke's  travels  in  Greenland,  xix,  416. 
Gilbert,  G.  K,  outlet  of  Great  Salt  Lake, 
xi,  228,  XV,  256,  xix,  341. 

mountain-building  and  erosion,  xii, 
16,  85. 
outlet  of  Lake  Bonneville,  xix,  341. 
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Gilbert,  J.  H.,  points  in  connection  with 

vegetation,  xiii,  20,  99,  181. 
GiVbrtai,  W.  H.y  Helianthus  annuus,  xix, 

329. 
morphology  of  vegetable    tissues, 

xix,  329. 
GilJL  r.,  new  American  Chimsera,  xy,  226. 
Gillmore,  Q.  A.,  on  Building  Stones,  xi, 

160. 
Girardf  A.,  hydrocellulose,  xi,  483. 
Gissler,  G.  F.,  Anatomy  of  Amblychila, 

xviii,  158. 
Glacial,  see  under  Gboloot. 
Glacier,  incipient  of  White  Mountains, 

XX,  329. 
Glaciers  of  the  Himalayas,  xvi,  1 63. 

streams  beneaih,  xii,  396. 
Gladstone,  decomposition  of  alcohol  by 

aluminum  and  its  iodide,  xi,  484. 
copper-zinc  couple  and  nascent  hy> 

drogen,  xvi,  381. 
Glan^  density  and  light-absorbing  power, 

XV,  394. 
density  of  the  light  ether,  xviii,  404. 
Glass,  circle  for  measuring  angles,  xii, 

112. 
composition  of  volcanic,  xviii,  134. 
is  it  impervious  to  gases  ?  xiii,  464. 
optical  constants  of,   Hastings,  xv, 

269. 
Globulin  in  potatoes,  xx,  145. 
Glucinum,  specific  heat  of,  xvi,  384. 
Glycerin  crystallized,  xii,  293. 
Glycogen,  oxidation  product  of,  Chitten- 
den, xi,  395. 
Glyoxalyl-urea,   decomposition  of,   xiii, 

463. 
Gobi,  C,  algae  of  the  White  Sea,  xvii,  1\. 
Godlewski,  etiolated  plants,  xvii,  494. 
GcAel,  K.,  Gymnogramme,  xv.  156. 
Gixssnuinn,   cane-sugar  in   early  amber 

cane,  xvii,  488. 
Gold,  artificial  crystals  of,  Chester,  xvi, 

29. 
chloride,  compounds  of  with  urea, 

XX,  62. 
Goldberg,  action  of  bleaching  powder  on 

ethyl  alcohol,  xviii,  142. 
Goldmark,  if.,   atmospheric  electricity, 

xvi,  62. 
Goldschmidt,  new  vapor  density  method, 

xiv,  66. 

idryl,  xv,  144. 
Goldsmith,   E.,    amber  and    asphaltum 

from  Vincenttown,  N.  J.,  xvii,  410. 
Goldstein,  K,  electric  discharge  in  rare- 
fied gases.  XX,  431. 
Goodale,    G.   L.,   botanical   notices,   xi, 

414,  XV,   156,  403,  xvi,  485,  xvii,  488, 

494,  xviii,  73. 

Wild  Flowers  of  America,  xiv,  497. 


Goode,  G.  B.,  catalogue  of  reptiles  mi 
fishes  of  the  Bermudas,  xiv,  289. 

two  new  species  of  fishes,  xiv,  470. 

east-coast  fishes,  xvii,  39. 

on  two  re-described  fishes,  xvii,  340. 

Fishes  of  Bermudas,  not.,  xii,  239. 

American  Fisheries,  not.  xix,  333. 
Goodyear,   W.  A.,   earthquake  at  Stn 
Salvador,  1879,  xix,  415. 

Ck>al  Mines  of  Western  Coast  of 
United  Slates,  xiv.  156. 
OouJd,  B.  A.,  photographs  at  Cordobc 
Observatory,  xv,  230. 

letter  from,  xv,  468. 

sine-formula  for  the  diurnal  Tuii- 
tion  of  temperature,  xix,  2!  2. 

southern  oomet  of  Feb.,  1880,  xix, 
396. 

Climate  of  Buenos  Ayres,  xvii,  81 
Grcebe,  sjmthesis  of  chrysene,  xvifi,  143. 

rosolic  add,  xi  217. 
Graduated  circles,  rock-crystal  for,  xin, 

216. 
Grafen,  phanerogamic  parasites,  xi,  239. 
Graham,  T.,  Chemical  and  Physical  Be- 

searches,  xiv,  152. 
Grcmd^eury,  Carboniferous  flora,  xiii,  221 
Gravitation,  LeSage's  theory  of,  xv,  146. 
Gravity,  determination  of,   MendeMl, 
XX,  124. 

measurements  of,  xix,  487. 

pendulum  experiments,  xx,  327. 
Gray,  A.,  botanical  notices,  xi,  69.  153, 
235,  325,  414,  xii,  73,  153.  231  397, 
467,  xiii,  81,  236,  320,  391,  469,  m, 
72,  158,  426,  497,  xv,  67,  151,  219, 
221,  318,  400,  404,  482,  xvi,  71  15S, 
237,  326,  403,  483,  487,  xvii,  69,  176, 
334,  410,  488,  xviii,  154,  236, 311. 414, 
485,  xix,  157,  328,  418,  491,  xx,  150, 
241. 

Nandin  on  the  heredity  and  Tsrii* 
bility  of  plants,  xi,  163. 

heteromorphism  in  Kpigaea,  xii,  74. 

coloration  and  environment,  xii,  461. 

flowers  in  Scirpus.  xii,  467. 

Elliott's  Botany,  xiii,  81,  392. 

homogone  and  heterogone  flowen, 
xiu,  82. 

Darwin  on  cross-  and  self-fertilia* 
tion,  xiii,  125. 

dextrorse  and  sinistrorse,  xiii,  236, 
391,  XX,  246. 

Helianthus  tuberosna,  xiii,  347. 

female  flower  of  Gnetum  gn€moe, 
xiii,  469. 

germination  of  the  genus  Megl^ 
rhiza,  xiv,  21. 

botanical  nomenclature,  xiv,  158. 

botanical  necrology,   xv,  225,  484, 
xvii,  177,  xix,  76,  421. 
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ray^  A.^  barbeny  in  New  England^  zy, 
482. 

forest  geography  and  archfeology, 
xvi,  85,  183. 

Shortia    galadfolia    re-discoyered, 
XYi,  483. 

Dr.  Jacob  Bigelow,  xvii,  263. 

pertinacity  of  weeds,  xriii,  161. 

electrical  currents  in  plants,  xviii, 
414. 

action  of  light  on  vegetation,  zx,  74. 

DeOandolle's  phytography,  xz,  150, 
241. 

Botanical  Gontrib.,  noticed,  xi,  325. 

Darwioiana,  noticed,  xii,  235. 

Synoptical  Flora,  xy,  400. 

Structaral  Botany,  zviii,  73. 
reat  Britain,  Glacial  era  in,  xii,  65. 

Lakes,  see  Lakes. 
reen,  A.  H.,  Physical  Oeology,  xii,  71. 
freene,  2>.,   paper  dome  for  an  astro- 
nomical observatory,  xvii,  55. 
reenland,  explorations  in,  xix,  416. 

fauna  of,  xi,  158. 

natiye  iron  of,  xyiii,  72. 

Quaternary  beds  of,  xy,  219. 
reen  Mountains,  age  of,  DanOj  xix,  191, 
236,  XX,  450. 
^riess^  synthesis  of  betaine,  xi,  218. 

ammonium  bases,  new,  xix,  405. 
Wmottx,  synthesis  of  allantoin,  xii,  215, 
xiii,  218. 

production    of  tartronic  from  py- 
myic  add,  xiv,  310. 
rtrnm,  0.,  zoology  of  Caspian,  xi,  500. 
rinneUf  G.  B.^  Tertiary  lake  basin,  xi, 
126. 

new  crinoid,  xii,  81. 

fossil  annelids  from  the  lower  Si- 
lurian, xiy,  229. 

Reports  of   Ludlow's    Expedition, 
ziii,  228. 

'roU,  A,  i?.,  fucoid  from  water-lime,  xi, 
150. 

note  on  Menopoma,  xii,  313,  472. 

zoological  notice,  xii,  157. 
roth,  P.,  Physical  Crystallography,  xi, 
499. 

new  Mineralogical  Journal,  xiii,  162. 

Mineralogical  Collection  of  the  Uni- 
Ternty  of  Strassburg,  xyi.  397. 
Wcftrian^  viscosity  of  euEilt-solntions,  xii, 
140. 

hrtnt,  correlation  of  forces,  xi,  489. 
tiadalupe  Island  flora,  xi,  325. 
Hides  for  Sdenoe-Teaching,  xvii,  410. 
oillemin.  A.,  Physical  Forces,  xiii,  245. 
um  elemi.  reduction  product  of,  xvi, 
317. 
^iftftrte,  stationary  liquid  waves,  xi,  144. 

freezing  colloids,  xii,  294. 
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Map  of  Catskill  Mts.,  xviii,  239. 


JIabermann,  on  Dumas's  vapor  density 

method,  xiv,  309. 
Habemicht,  H.,  glacial  eras  of  Europe, 

XV,  317. 
Habirshaw,  F.,  Catalogue  'of  ^Diatoma- 

cew,  xix,  167. 
Ilffickel,    E.,    Entwickelungsg^schidite, 
noticed,  xl,  74. 

on  G^ryonidffi  and  .figinidse,  xi,  420. 
Medusa),  xix,  245. 
Hague,  A.,  Descriptive  Geology  of  40th 

parallel,  xv,  316,  xvi,  234. 
ffahn,  0.,  Eozoon  not  organic,  xi,  492. 
HaM,  A.y  time  of  rotation  of  Saturn,  xiv, 
325.  • 
satellites  of  Mars,  xiv,  326. 
companion  of  Sirius,  xix.  457. 
HaUj  G.  Ej  glacial  phenomena  in  Penn- 
sylvania, xi,  233. 

Silurian  age  of  the  crystalline  rocks 
of  Pennsylvania,  xix,  413. 
HaUy  C.  W.,  thomsonite  from  Minnesota, 

xix,  122. 
HaU,  E.  ff.,  new  action  of  the  magnet 
on  electric  currents,  xix,  200,  235. 
velocity  of  electric  current,  xx,  52. 
action  of  magnetism  on  a  perma- 
nent electric  current,  xx,  161. 
Hail,  J.,  serpentine  limestones,  xii,  298. 
geology  of  southern  New  York,  xii, 
300. 

Paleontology  of  New  Yoric,   xiv, 
49H,  xix,  489. 

limestones  of  the  Falls  of  the  Ohio, 
XV,  395. 

Paleontology  (40th    parallel),    xv, 
316. 

"  Hudson  River  Group,"  xvi,  482. 
Halsted,  B.  D.,  American  CharacesD,  xix, 
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Hampe,  so-called  crystallized  boron,  xiii, 

55. 
Hankd,  photo-electric  phenomena,  xv, 

55. 
Banks,  H  G.,  durangite,  xii,  274. 
Hannay,  the  artificial  formation  of  the 
diamond,  xix,  411. 
solubility  of  gases  in  solids,  xix,  486. 
Hardy,  strophantine  and  ineine,  xiii,  464. 
Harger,  0.,  new  isopod,  xi,  304. 

New  England  isopods,  xv,  373. 
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BarringUmj  B.  Jl,  pyrrhotite,  xi,  387. 
analyses  of  minerals,  xii,  218. 
minerals  of  Ottawa  County,  Quebec, 
xviii,  412. 
Harrington,  Jf,  Chinese  official  almanac, 

xvi,  472. 
Harrington,    M.  W.,    Minnesota  QeoL 

Report,  xii,  149. 
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Hartley^  carbon  dioxide  in  mineral  cavi- 
tiea,  xi,  484. 

liquid  carbon  dioxide,  xiii,  66. 
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466. 
geological  discoveries,  xii,  464. 
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iron  in  dolerytes,  xiii,  33. 
chloritic    formation    of    the    New 
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mechanical  equivalent  of,  xii,  4SS, 
xviii,  405,  xix,  319. 
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radiants  of,  Satoyer,  xvii,  468. 
November,  xii,  473.  xv,  76. 
Meteoric  fireballs,  xiv,  75. 
iron,  analysis  of,  xx,  74. 
aragonite  on.  Smith,  xii,  1 07. 
daubreelite  in,  xii,  109,  xvi,  270 
Bates  Co.,  Missouri,  Smith,  xiii, 
213. 

Cleberne  Co.,  Alabama,  Hidden, 
xix,  370. 

Ivanpah,  Shepard,  xix,  381. 
North  Carolina,  Burton,  xii,  439; 
Smith,  xiii,  213 ;    Hidden,  xx,  324. 
Pittsburgh,  xii,  72. 
Virginia,  Mallet,  xv,  337. 
Texas,  xii,  64. 
irons,  two  new,  xiv,  246. 
of  Rochester,  Indiana,  Sh^ard, 
xiii,  207 ;  Smith,  xiii,  243,  xiv,  219. 

stone  of  Cjnthiana,  Ky.,  Smith,  xiii, 
243,  xiv,  224. 

of  Vernon  Co.,  Wis.,  Smith,  xii, 
207. 

of  Warrenton,  Warren,  Co.,  Mo., 
Smith,  xiii,  243,  xiv,  222. 

Emmet  Co.,  Iowa,  Peckham,  xriil 
77 ;     Shepard,   xviii,    186,    xx,   136; 
Smith,  xix,  459,  495. 
Kansas  City,  Parker,  xii,  316. 
supposed,  of  Chicago,  xviii,  78. 
of    Waoonda,    Shepard,    xi,  473; 
Smith,  xiii,  211. 
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rites,  experimental  studies  ot^DaU' 

,  xiv,  510,  xix,  386. 

irbon  compounds  in,   Smithy  xi, 

.  433. 

Rses  in,  Wrig?U,  xi,  253,  xii,  165. 

rology,  contributions  to,  Loomis^ 

I,  xii,  1,  xiii,  1,  xiv.  1,  xv,  1,  xvi, 

vii,  1,  xviii,  1,  xix,  89,  xx,  1. 

f  Golden,  Colorado,  xiii,  326. 

-diagram,  xi,  423. 

,  standard,  xiii,  149. 

1  aldehyde,  production  of,  xvi,  382. 
l-violet,  new  synthesis  of,  xviii, 

2  System,  xiii,  244. 

Ij  nitrites  from  bacteria,  xi,  53. 

,  £.  v.,  platinic  sulphide,  xiii,  301. 

,  L.,  evolution  of  hydrogen,  xii,  51. 

,  i?.,  introduction  of  hydroxyl  by 

^  oxidation,  xix,  228. 

,  v.,   vapor-density  methods,   xii, 

,  xiv,  484,  xvii.  63,  xviii,  140,  222. 

icrease  of  weight  by  combustion, 

,  304. 

quivaleDoe  of  nitrogen,  xiii,  313. 

apors  of  phosphoric  pentasulphide 

indium  chloride,  xviii,  T 1 . 
apor  -  densities  of   metallic  chlo- 
js,  xviii,  140. 

apor-density  of  chlorine,  xix,  226. 
^is^  aromatic  compounds  contain- 

arsenic,  xi,  54. 

qui  valence  of  boron,  xix,  404. 

elenous  acid,  xix,  483. 

laon,  A.  A.J  velocity  of  light,  xv, 

,  xvU,  324,  xviii,  390. 

gan,  forest  products  of,  xii,  156. 

luronian  rocks  of,  xii,  194. 

se-floes  in  Champlain  of,  xi,  225. 

meter,  new  position,  Wct^do^  xx,  49. 

phone  and  earthquakes,  xviii,  159, 

,  427. 

•f  Hughes,  xvi,  60. 

photography  with  ToUes'  objective, 

Uer,  xviii,  93. 

«copical  congress,  xvi,  161. 

Journal,  American,  xvi,  409,  xix, 

* 

m 

Jociety,  New  York,  xiii,  326. 
,  J.,  Barringtoniacese,  xii,  469. 
IpocyuaceBB  of  S.    America,  xvi, 
>. 

w,  see  Botany. 

r,  S.  A.,  American  Paleozoic  Fossils, 
.  156. 

,  J.,  Siberian  steppes,  xv,  65. 
,  5.,  ice  work  in  Newfoundland, 
,  155. 

chemical  curves,  xx,  141. 
3ry  in  buttertiies,  xii,  311. 
-al  analysis,  Clarke^  xiii,  290. 


Mineralogical  communications,  xv,  482. 
Society  of  Prance,  xvi,  155. 

Mineralogy,  Journal  of,  xii,  152,  xiii,  162. 

Minerals — 

Abriachanite,  xviii,  484;  Achrema- 
tite,  MaWst,  xi,  152 ;  Aglaite,  xvii,  H99, 
xix,  238;  Albite,  xix,  239,  xx,  270; 
Amber  from  New  Jersey,  xvii,  410 ; 
Amblygonite,  Penfieid,  xviii,  295; 
Analcite,  xii,  151,  xvi,  155;  Animikite, 
xvii,  487 ;  Anomite,  xv,  160,  xvii,  176; 
Anorthite,  pseudomorph,  Bapper^  xvi, 
364;  Antliracit^  of  Pennsylvania,  xv, 
66 ;  Apatite,  Canadian,  xviii,  485 ;  do. 
in  trap  of  New  Haven,  xiv,  217;  do. 
containing  manganese,  Penfieid^  xix, 
367;  Aragonite,  on  meteoric  iron. 
Smithy  xii,  107 ;  Asphaltum  from  New 
Jersey,  xvii,  410 ;  Autunite,  xiv,  496. 
Barcenite,  Matietj  xvi,  306;  Barite, 
Missouri,  Brondhead,  xiii,  419;  Bast- 
nasite,  AUen  and  Comstock,  xix,  390; 
Beccarite,  xx,  73 ;  Bemardinite,  Still' 
nuuij  xviii,  57,  xx,  93 ;  Bhreckite,  xviii. 
484;  Biotite,  lithiferous,  xi,  431;  Bo- 
racite,  xviii,  485 ;  Bravaisite,  xvi,  155 ;  ^ 
Brookite,  xi,  234.     '*      ~ 

Cacoxenite,  L.  Superior,  xvii,  333; 
Calcite,  xiv,  217  ;  Calcite  and  quartz, 
E.  S.  DanOy  xii,  448 ;  Calcozincite,  xii, 
231;  Callainite,  idii,  295 :  Cassiterite, 
XX,  56;  Chabazite,  xviii,  49,  72; 
Chalcomorphite,  xii,  150;  Childrenite, 
xix,  315,  316:  Chondrodite,  xi,  139, 
xii,  229;  Chromic  iron,  xi,  152; 
Chrysolite,  titaniferous,  xvii,  334;  Cin- 
nabar, Christy,  xvii,  453 ;  Clinocrocite, 
xviii,  484;  Clinopha;ite.  xviii,  484; 
Coloradoite,  xiv,  423 ;  Colnmbite,  xiii, 
361.  362 ;  Cuprocalcite,  xii,  396 ;  Oy- 
matplite,  Jitlien,  xvii,  398,  xix,  238; 
Bftiah  and  Dana,  xx,  267. 

Damourite,  xvii,  176;  Danburite, 
XX,  1 1 1 ;  Daubr^lite,  Smithy  xii,  109, 
xvi,  270;  Daubreite,  xii,  396;  Dickin- 
sonite,  xv,  399,  xvi,  114,  xvii,  366; 
Dolomite,  xii,  72;  Durangite,  Bnuhy 
xi,  464;  Eanks,  xii,  274;  Dysanalyte, 
xiv,  243. 

Eggonite,  xviii,  483 ;  Enstatite  rock, 
S.  Africa,  xvii,  334 ;  Enysite,  xiii,  162; 
Eosphorite,  Brush  and  BanOy  xv,  398, 
xvi,  35,  xvii,  366,  xviii,  47,  xix,  316; 
Epidote,  xviii,  485;  Euchlorite,  xii, 
231 ;  Eucryptite,  Brush  and  BanOy  xx, 
266 ;  Euxenite,  xiii,  365,  369. 

Fairfieldite,  xvi,  123,  xvii,  359,  367  ; 
Feldspar,  red,  xx,  335;  Feldspars, 
new  method  of  determining,  Szabdy 
xiv,  241 ;  Fergusonite,  xiii,  367,  369, 
XX,  57,  150;  Ferrotellurite,  xiv,  424; 
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Minerals — 
Fillowite,  Brush  and  Dana^  xvii,  363, 
367;  Fireblende,  xvu,  334;  Franklin- 
ite  and  spinel  group,  Seyms,  xii,  210; 
Fredricite,  xx,  72;  Friedelite,  xii,  161; 
Friseite,  xvi,  398. 

Garnets  from  trap  of  New  Haven, 
Conn.,  Dana,  xiv,  216;  Garnierite,  xi, 
152,  235 ;  Gmelinite,  N.  Sootia,  Howe, 
xii,  270;  Gothite,  Missouri,  Braadhead, 
xiii,  420;  Grahamite,  Kimball,  xii,  277; 
Graphite  in  Canada,  xvi,  148;  Guan- 
ajuatite,  xiii,  319,  xv,  294;  Guejarite, 
XX,  73 ;  Gummite,  xiv,  496,  xviii,  153 ; 
Gypsum  of  HiUsboro,  xvi,  148. 

Haraartite,  xix,  391 ;  Hannajite, 
xvii,  487  ;  Haichettolite,  xiii,  366,  369, 
xiv,  128;  Haughtonite,  xviii,  484; 
Henwoodite,  xiii.  162 ;  Hermannolite, 
xi,  140,  xiii,  390;  Herrengrundite, 
xviii,  484;  Hetserolite,  Moore,  xiv, 
423  ;  Hibbertite,  xvi,  398  ;  Hofmann- 
ite,  xviii,  484;  Ilomtlite,  xv,  318; 
Hornblende,  xvi,  397;  Huantajajite, 
xii,  396;  Hullite,  xvi,  398 ;  Hunlilite, 
xvii,  486;  Humite,  xii,  229;  Hydro- 
castorite,  xiii,  318. 

Ihleite,  xii,  151;  lonite,  PwmeU, 
xvi,  153;  Iron  in  dolerytes,  Howes, 
xiii,  33 ;  native  of  Greenland,  xviii,  72. 

Jarosite  with  gold,  xviii,  73. 

Eeatingine.  xii,  231 ;  Rillinite,  xix, 
239,  XX,  274;  Krennerite7'i'?a<^  xv, 
482 ;  Kronkite,  xii,  396. 

Labradorite  of  Mt.  Marcy,  xiv,  241 ; 
Lawrencite,  xiii,  318;  Lepidolite,  xv, 
150,  xvii,  176,  333;  LepidomeJane, 
XV.  150,  xvii,  176;  Leucoman)?anite, 
xviii,  484 :  Leucoxene,  xvi,  396 ;  Lint- 
onite,  xix,  122;  Lithiolite,  xv,  482, 
xvi,  33;  Lithiophilite,  xv,  481,  xvi, 
33,  118,  xvii,  228,  367,  xviii,  45,  46; 
Louisite,  xviii,  484;  Luckite,  xx,  73; 
Ludlamitc,  xiii,  318. 

Magnetite,  xiv,  217;  Magnolite,  xiv, 
424;  Malinowskite,  xii,  397;  Mallard- 
ite,  XX,  73 ;  Mangantantalite,  xix,  132; 
Margarite,  xv,  150,  xvii,  176;  Melan- 
ite,  analysis,  xiv,  216;  Meroxene,  xv, 
150,  xvii,  176;  Micas,  crystallization 
of.  XV.  150;  Microcline,  xx,  273;  Mi- 
crolite,  xiii,  368  ;  Mixite,  xx,  73 ;  Mot- 
tramile,  xii,  466;  Muscovite,  xv,  150, 
xvii,  176,  xix,  239,  xx,  272. 

Newberyite,  xvii,  487 ;  Niccolite, 
xvi,  1 52 ;  Nickel,  estimation  of,  xiv, 
178;  Noumeite,  xi,  235. 

Ontariolite.  xx,  56 ;  Onyx,  Mexican, 
xii,^466;  Opal,  xiii.  326;  Orizite,  xx, 
73;  Orthoclase,  WiUiams,  xi,  273; 
Ozocerite  in  Utah,  Newberry,  xvii,  340. 


Minerals — 

Paraooiumbite,  xx,  56;  Pangonite, 
XV,  160,  xvii,  176;  Parailmenite.  xx, 
56;  Pagodite,  green,  xx,  67;  Pedc- 
bamite,^^i^,  xx,  136;  Peganite, 
identity  of,  Cftester,  xiii,  296 ;  Pelag- 
ite,  xiii,  318;  Pelhamine,  xii,  231; 
Perofskite,  xix,  167;  Petalite,  com- 
position of.  vii,  333  :  Pinite  in  Mass., 
Crosby,  xix,  116;  Phacolite  and  tee* 
bachite,  xi,  152;  PhUlipite,  xii,  3»6; 
Phlogopite,  XV,  160,  xvii,  176;  Phoe* 
phuranylite,  xviii,  153;  Plagiocitiite, 
xviii.  484;  Plag^oclase.  optical  prop- 
erties of,  xix,  167;  Prolovermiculite, 
xvi,  152;  Pseudobrookite,  xvi,  398; 
Pseudonntrolite,  xx,  73;  Pnttadnite, 
Oenih,  xii,  35 ;  Pyrophoepborite,  x?. 
49;  Pyrostilpnite,  crystalline  system 
of,  xvii.  334 ;  Pyroxene,  xiv,  217,  iri, 
397 ;  Pyrrhotite,  composition,  etc, 
Harrington,  xi,  387,  twin  ot,  R  & 
Dana,  xi,  386. 

Quartz,  xiii,  234,  xv,  306,  xix,  239; 
and  calcite,  E.  S.  Dana,  xii,  448. 

Randite,  xvii.  487  ;  Reddlngite,  xri, 
120,  xvii,  366,  367;  Reinite,  xm, 
484 ;  Rensselaerite  in  Canada,  xri, 
148 ;  Rhodochrosite,  Brush  and  Dana, 
xviii,  50;  Rogersite,  xiii,  367,  369; 
Roscoelite,  xu,  31,  32,  466;  Ruther- 
fordite,  xx,  57. 

Salt,  rock,  Wyoming,  N.  Y.,  xvi, 
144;  Samarskite,  xi,  201,  xiii,  234, 
362,  369,  390,  xiv,  509,  xv,  220 ;  antl- 
ysis  of,  xiv,  71, 130 ;  Saussurites,  anal- 
ypes  of,  xvi,  341,  395;  Scapolite,  xx, 
54;  Scapolites,  chlorine  in,  Adanu, 
xvii,  315;  Scheelite  containing  gol^ 
xiii,  451 ;  Schraufite,  xi,  162 ;  Seebidi- 
ite,  xi,  1 52 ;  Selwynite,  xi,  235 ;  Sept- 
olite,  fibrous,  Chester,  xiii,  296;  Ser- 
pentine, xi,  234,  491 ;  Silaonite,  xiii 
319;  Silica,  crystallization  of,  xri, 
164;  Silicate,  native  gelatinous,  xriil 
72 ;  Sipylite.  MaUett,  xiv,  397  ;  ytterbia 
in,  xvii,  167;  Sphaerooobaltite,  xir. 
243 ;  Spodumene,  xvii,  333,  xix,  237, 
XX,  257.  351 ;  Stanrolite,  xi,  384,  xx, 
66;  Streng^te,  xiii,  318,  xvi,  152: 
Stfitzite,  xvi,  398 ;  Sylvanite,  analyiiifl 
of,  Clarke,  xiv,  286 ;  Szaboite,  xvi  399. 

Tantalates,  American,  Comstoek,  xix, 
131 ;  Tantalite,  Alabama,  xiv,  323,  xr. 
203;  Tellurite,  xiv,  424;  Tetrahedrite, 
XV,  318,  xvii,  401 ;  Thomsonite  from 
Minnesota,  xix.  122 ;  Titanomorphite, 
xix.  156;  Torbemite,  xiv,  496;  Tour- 
maline, Williams,  xi,  273;  Tridymite. 
XV.  66,  xvi,  154;  Triphvlite,  /'ei^M, 
xiii,  426,  xvii,  226 ;  Triploidite,  Bnth 
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MlNKRAU — 

aud  DanOy  zv,  398,  zvi,  42,  xvii,  366 ; 
Tripoli,  Carboniferous,  in  Indiana,  xii, 
307 ;  Troilite,  zi,  68 ;  TTSonite,  xix, 
390. 

Uraconite,  xiv,  496 ;  Uraninite,  xiy, 
496,  xix,  220 ;  IJranocircite,  ziv,  242 ; 
UranotiL  xviii,  163 ;  Unisite,  Prenul, 
xriii,  72. 

Yanuxemite,  xii,  231 ;  Yariscite, 
xlii,  296,  XV,  207 ;  Yenerite,  xiv,  242 ; 
Yreddte,  xviii,  484. 

WattevUIite,   xviii,   484;    Werthe- 
manite,  xii,  396;   of  Bourbonne-les- 
bains,  xii,  160;  Whetstone,  composi- 
tion of,  xviii,  412;  WoUastonite,  crys- 
tals. Root,  xix,  239. 
Xantholite,  xviii,  484. 
Yttrotantalite,  xiii,  369,  xx,  66. 
Zinc,  native,  Marks,  xi,  234 ;  Zinn- 
waldite,  xv,  160,  xvii,  176. 
Minerals  in  Fairfield  county,  Bnuh  and 
Dona,  xvi,  33,  114,  xvii,  369,  xviii,  46, 
XX,  267,  361. 
Minerals,   artificial,   Davhrie,  xii,    160, 

xriii,  161. 
Jimk8y  A.,  gonidia  of  lichens,  xvii.  264. 

Das  Microfronidium,  xix,  168. 
Minnesota  Acad.,  Bull.,  xii,  478,  xv,  407. 
Geological   Reports,   xii,   149,  xiv, 
422,  xvii,  168,  xviii,  483. 
loess  of,  WincheO,  xvii,  168. 
zeolites  of  Cook  Co.,  xix.  122. 
River,  valley  of,  xvi,  417. 
Mirrors,  magic,  of  Japan,  xvii,  483. 
Mississippi,   borings  in  delta,  Eilgard, 
xvii,  262. 

report  on  bridging,  xvi,  407,  417. 
Missouri,  archeology  of,  xx,  436. 
drift  in,  xi,  160. 
lead  ol  xiii,  468. 
magnetic  survey  of,  xix,  234. 
minerals  from,  xiii,  419. 
University,  Contributions  from  Lab- 
oratory of,  xiii,  468. 
MUcheUf  if.,  Jupiter  and  its  satellites,  xv, 
38. 
satellites  of  Saturn,  xvii,  430. 
MiocUr,    W.    G.J   ethylidenargentamine- 
ethylidenammonium  nitrate,  xiv,  196. 
amylidenamine  silver   nitrate,   xv, 
206. 

ethylidenamine  silver  sulphate,  xvii, 
427. 
Mobiua,  K.,  on  Eozoon,  xviii,  177,  240. 
Maissan,  amalgams  of  chromium,  etc., 

xvii,  402. 
Mo]sisovics,  E..  work  by,  not,  xi,  412. 

dolomite  of  southern  Tyrol,  xviii,  7 1 . 
Molecule,  effective  action  of,  Kation,  xvii, 
346,  433. 


Molecule,  free  paili  of,  Hodges,  xix,  222. 

variability  of,  NorUm,  xvii,  183. 
Molecules,  dimensions  of,  xvii,  407. 
new  series  of,  xvii,  477. 
size  of,  Hodges,  xviii,  136. 
Molecular  pressure,   lines  of,    Crookes, 
xvii,  218. 

structure,  xv,  276,  477,  xvi,  247. 
volumes,  Clarke,  xiii,  292. 
weights  and  heat-absorbing  power 
of  chemical  substances,  xiii,  217. 
Mold,  see  Botany. 
Montana,  fossil  vertebrates,  xiii,  316. 

Tertiary  lake  basin  in,  xi,  126. 
Moon,  Hansen's  tables  of.  xiii,  87. 

motion  of,  Newcomb,  xiv,  401 ;  Stock- 
well,  xviii,  387,  xix,  1,  xx,  96. 
motion  of  the  perigee  of,  xiv,  76. 
zodiacal  light  of,  xv,  88,  231. 
Moore,  G.  K.  hetaerolite,  xiv,  423. 
Moravia,  bone  cave  in,  xviii,  236. 
Morley,  E.  W.,  oxygen  in  the  air,  xviii, 

168. 
Morse,  E.  S.,  Japanese  Lingula  and  shell 
mounds,  xv,  166. 

extension  of    the  coiled    arms  in 
Rhynconella,  xvii,  267. 
Shell  Mounds  of  Omori,  xviii,  418. 
Mosandrum,  Smith,  xvi,  384,  xvii,  62. 
Mosely,  H.  N*.,  Notes  by  a  Naturalist  on 

the  Challenger,  xvii,  497. 
Mound-builders,  crania  of,  McGee,  xvi, 

468. 
Mounds  of  northeastern  Iowa,  McGee, 

xvi,  272. 
Mount  St.  Elias,  height  of.  xi.  77,  242. 
Washington,  meteorology  of,  xvii, 
7,  xviii,  1. 

points  visible  from,  xiv,  331. 

Mountains,  origin  and  structure  of,  Dar- 

tvin,  xvii,  320,  Dana,  xvii,  326,  Dut- 

ion,  xii,  142,  Gilbert,  xii,  16,  86,  Le- 

Conte.  xvi,  96,  PoweU,  xii,  414. 

Mucorini,  as  the  source  of  mineral  coal, 

XX,  150. 
Mudge,  B.  F.,  Geol.  of  Kansas,  xviii,  236. 
Mulder,  action  of  hypo-chlorous  oxide  on 

ethylene,  xvii,  246. 
Muller,  F.  v.,  Phytographiee  Australis, 
xii,  166. 

Plants  of  Yictoria,  xviii,  237. 
Atlas  of  l^ucalypts,  xviii,  486. 
Index  to  Isted.  of  Linnffius,  xx,  157. 
MuUer,  H,  W,,  aurora  borealis,  xx,  63. 
Jftftr,  action  of  saline  solutions  on  lead, 

xiv,  411. 
MUntz,  alcoholic  fermentation,  xvi,  320. 
Murray,  «/.,  sea-bottotu,  xii,  266. 
Musculus.  constitution  of  starch,  xvi,  317. 
Museum  of  Comparative  Zoology,   Me- 
moirs of,  xvii,  416,  XX|  70. 
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Museum,   National,   Bulletins,   xii,    71, 
168,  239,  xiv,  426,  xv,  486,  xvii,  340. 
Proceedings  of,  xvi,  406. 
N.  Y.  State,  report,  xx,  74. 
Nouvelies  Archives  du,  xviii.  317. 
Peabody,  report  of,  xvi,  409. 
Museums,  new  American,  xiv,  76. 
Music,  just  intonation  in,  Poole^  xv,  369. 


Kakamura,  sulphur  in  coal,  xix,  229. 
Naphthalene,  xii,  138. 
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New  Brunswick,  Mascarene  series,  age 

of,  xii,  218. 
New  Caledonia,  geology  of,  xi,  151. 
Newcomb,  S.,  Croll's  Climate  and  Time, 
xi,  263. 

Uranian  and  Neptunian  systems,  xi, 
159. 

investigation  of  corrections  to  Han- 
sen's tables  of  the  Moon,  xiii,  87. 
mean  motion  of  the  moon,  xiv,  401. 
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clay  deposits,  xv,  316. 

coralline  limestone  from  MoDtague, 
XV,  370. 
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the  origin  of  comets,  xvi,  165. 

Hoi  den's    Astronomical  Bibliogra- 
phy, xix,  249. 

tfranometria  Argentina,  xix,  376. 
New  York,  Calciferous  fossils,  new,  xviii, 
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Primordial  fossils  from,  zi,  369. 
rock  salt,  diacoverjof  at  Wyoming, 
zvi,  144. 

Rondout  fanlt,  zyiii,  293,  409. 
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in  the  summer  of  1879,  ziz,  234. 
Nitrates,  Schoenbein*s  test  for,  Storer, 

zii,  176. 
Nitric  acid,  see  Acid, 
Nitrification,  zv,  310,  zviii,  217. 
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trichloride,  zviii,  67. 
Nitroglycerin,  nitrogen  in,  zv,  145. 
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Oxygen,  affinity  for  hydrogen  and  car- 
bonous  oxide,  xv,  51. 

and  the  haloid  elementn,  xvii,  248. 
density  of  liquid,  xv,  214. 
in  metallic  sUver,  xvi,  323. 
in  the  air,  Morleyj  xviii,  168. 
in  the  sun,  xiv,   89,  xvi,  266,  290, 
xvii.  162,  448,  xvui,  262. 
liquefaction  of,  xv,  137. 
Oxyziroonium  light,  xiv,  208. 
Ozone  and  carbon  monoxide,  xi,  136. 
and  silent  electric  discharge,  xviii, 
65. 
formation  of,  xii,  212,  xix,  402. 


Pabstj  preparation  of  ethyl  acetate,  xx, 

60. 
Pacific,  see  Ocean. 

Packardj  A.  S.j  outlet  of  Great  Salt  Lake, 
xi,  149. 

Life  Histories,  not.,  xi,  326. 
Geometrid  Moths,  xii,  157. 
Zoology,  xix,  244,  xx,  76.  159. 
Pagosa  Springs.  Colorado,  xvii,  497. 
Palaeontology,  history  of,  Marskj  xviii, 

323. 
Palseontographica  of  Prussia,  xiii,  389. 
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Paleozoic,  see  Geology. 

Palladium,  in  alcohol  flame,  xiii,  148. 

Palmer,  A.  W.,  aDtimoDy  tannate,  xvi, 

196,  361. 
Palmieri^  electrical  meteorology,  xv,  476. 
Paper,  diathermaneity  of,  ziii,  303. 
Parish,  R.,  Specific  Gravity  Balance,  li, 

246. 
Parker,  J,  D.,  fall  of  meteorite,  xii,  316. 
Parkhurst,  H.  M.,  Astronomical  Tables, 

xii,  79. 
Parkman,  F.,  hybridization  of  lilies,  xv, 

161. 
ParreHOf  G.,  manganese  in  iron  ores,  xiv, 

418. 
Patterson,  0.  P.,  use  of  the  heliotrope  for 

telegraphic  purposes,  xix,  408. 
Patton,  W.  H.,  on  Macropia,  xviii,  211. 
Payen's  Industrial  Chemistry,  xv,   486. 
Peabody  Acad.,  Memoirs,  not,  xi,  243. 
Museum  of  Archaeology  and  Ethnol- 
ogy, xvi,  409. 
Peach,  6.  N.,  Glaciation  of  the  Shetland 

Isles,  XX,  72. 
Pedle,  A.  C,  age  of  the  Rocky  Moun- 
tains in  Colorado,  xiii.  172,  388. 

ancient  outlet  of  Great  Salt  Lake, 
XV,  439. 
Geological  Report,  noticed,  xi,  496. 
Peat,  compressed,  xi,  332. 
Peck,  C.  H.,  Report  N.  Y.  State  Museum, 

xvi,  487. 
Peckham,  S.  F.,  mill  explosion  at  Minne- 
apolis, xvi  301. 

fall  of  a  meteorite  in  Iowa,  xviii,  77. 
thomsouite,  xix,  122. 
Peet,  S.  D.,  Amer.  Antiquarian,  xvii,  341. 
Peirce,  C.  S.,  sensation  of  color,  xiii,  247. 
wave-length  comparison,  xviii,  61. 
method    of    swinging    pendulums, 
xviii,  112. 

results  of  pendulum  experiments, 
XX,  327. 
Pendulum,    compensating.    Smith,   xii, 
106. 
experiments,  Peirce,  xx,  327. 
method  of  swinging,  Peirce,  xviii, 
112. 
PengeUy,  W.,  cavern  exploration  in  Dev- 
onshire, xiv,  299,  387. 
Penfield,  S.  L.,  chemical  composition  of 
triphyhte,  xiii,  425,  xvii,  226. 
amblygonite,  xviii,  295. 
childrenite,  xix,  315. 
apatite  containing  manganese,  xix, 
367. 
Pennsvlvania   AUeghanies,   heights  of, 
xiv,'  69. 
anthracite  of,  xv,  66. 
Atlas  of  Coal  Flora,  xvii,  485. 
Cordaites  with  fruit,  xvii,  409. 


Pennsylvania,  Lower  Siluri&n  crystalfi&e 
rocks,  Prime,  xv,  261 ;  Ledey^  xix,  71; 
C.  E.  HaU,  xix,  413. 
Devonian  of  Southwest,  xv,  423. 
drift  of  Mercer  Co.,  xx,  69. 
foot-prints  of  Mahanoy  ooal  field, 
xviii,  232. 

Geological  Reports,  zt  62,  xii,  63, 
xiii,  76,  384,  xiv,  69,  xv,  314,  xvi,  142, 
332,  xvii,  330,  485,  xviii,  148,  xii, 
72,  487,  IX,  69. 

glaciation  along  the  KiUatinny,  xi, 
233. 
Kane  geyser  well,  xviii,  394. 
Mesozoic  fossils,  xii,  223. 
mineralogical  report,  xiii,  317. 
oil-sands  of,  xix,  416. 
oil  weU  records,  xvi,  393,  xvii,  69. 
Paleozoic  rocks  of  central,  xiii;  381 
Permian  flora  of,  xix,  487. 
petroleum,  yield  of,  xix,  1 68. 
surface  geology  of,  xv,  246. 
terrace  levels  in,  xv,  248,  xvi,  68. 
Wiloox    spouting  water-well,  iri, 
144. 
Percivai,  J.  G.,  **  indurated  bitumen"  ia 

trap  of  Connecticut  valley,  xvi,  130. 
Percy,  J.,  Metallurgy,  xix,  336. 
Perkin,  formation  of  ooumarin,  xiv,  67. 
Permian,  see  Geologt. 
Perrey,  A.,  on  earthquakes  and  age  of 

moon,  xi,  233. 
Pernor,  E.,  on  starfishes,  not,  xl  416. 
Perry,  terrestrial  magnetism,  xviii,  69. 
a  dispersion  photometer,  xix,  319. 
Persulphuric  oxide,  xvi,  480. 
Peru,  caves  of  Huallanca,  xv,  317. 

tetrahedrite  from,  xvii,  401. 
Peters,  C.  H.  F,  new   planets,  xi,  317, 
xii,  210,  xiii,  242,  xiv,  429,  xv,  208, 
xvi,  129,  379,  xviii,  128,  389,  xx,  421. 
new  variables  and  new  planet  xii, 
210. 
la  cost  planets,  xii,  291. 
orbit  of  Urda  (167),  xui,  112. 
observations  of  comets,  xiv,  60. 
positions  of  Swifl^s  comet,  xvi,  215. 
observations  of  the  new  planet  (189). 
xvi,  329. 

observations    on     the    planet  dis- 
covered Mar.  21,  1879.  xvii,  393. 
positions  of  planets,  xviii,  54. 
planetoids   (77),    (199)   and    (2001 
xviii,  209. 

Hersilia  and  Dido,  xviii,  428. 
the  planet  Dido,  xix.  130. 
the  planet  Lilaea,  xix,  317. 
new  planetoid  and  Hartwig's  oomet 
XX,  421. 
Petrifaction,  xi,  160. 
Petroleum,  yield  of,  xix,  168. 
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Pi^ter99on^  atomic  Weight  of  BeleDium, 
xii,  451,  xiii,  462. 

specific  heat  of  beryllium  (gluci- 
nuni),  XV,  386,  xvi,  384. 
Peyritach^  J.,  Aroidese  Maxunilianse,  ziz, 

329. 
lydutuBer^  fusion  of  soft  bodies,  xii,  390. 
Pheuanthrol,  xiv,  414. 
Phenol,  adds  obtained  from,  xiv,  151. 
destructive  distillation  of,  xv,  53. 
volumetric  estimation  of,  xvi,  383. 
PhUipp^  solidifying  point  of   bromine, 

xviii,  304. 
Philippium,  xvii  61. 
Phillips,  J.  A.,  "greenstones"  of  Western 

Cornwall,  xiii,  159. 
Phlobathen,  xx,  144. 
Phlorogludn  and  nitrites,  xi,  487. 
Phonometer,  Mayery  xi,  324. 
Phosgene  gas,  action  of  on  ammonia, 

xix,  226. 
Phosphate,   reaction  of  sulphuric    acid 

upon  tri-calcic,  Amubyj  xii,  46. 
Phosphates,  constitution  of,  xiii,  56. 
Phosphorescence  of  organic  liquids,  xiii, 

374. 
Phosphoric  chloride,  action  on  tungstic 

oxide,  xiv,  309. 
Phosphorus,  formation  of  ozone  by  slow 

oxidation  of,  xix,  402. 
Phosphorus  oxychloride,  Remaen^  xi,  365. 
Photo-electric  phenomena,  xv,  54.  55. 
Photographic  image,  developers  of,  LecL, 
xiv,  49,  xix,  480. 

reversal  of,  xx,  240. 
transformations  of,  xx,  430. 
spectra,  see  Spedra. 
Photographs  projection  of,  Draper^  xv, 
259. 
of  nebula  in  Orion,  Draper^  xx,  433. 
Photometer,  nebula,  Pickering^  xi,  482. 

new  dispersion,  xix,  319. 
Photophoue,  BeUy  xx,  324. 
Phthalein  of  orthocresol,  xvii,  405. 
Phthaleins,  xiii,  149. 
Physics  in  America,  xiii,  67. 
new  results  in,  xiv,  486. 
Phytosterin,  xvi,  138. 
Pidcering,  C.,  Distribution  of  Plants  and 
Animfds,  xii,  320. 

Chronological  History  of  Plants, 
xviii,  76. 
Pickering^  E,  (7.,  physical  abstracts,  xi, 
55.  144,  219,  320,  403.  488,  xii,  56, 
139,  215,  294,  388,  455,  xiii,  58,  149, 
219,  303.  378,  464. 

nebula-photomcter,  xi,  482. 
new  planetary  nebulae,  xx,  303. 
Physical  Manipulation,  not,  xii,  240. 
Observatory  Report,  xv,  77. 
Photometric  Observations,  xviii,  49 1. 
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Pickering,  E.  C,  Annals  of  Observatory 

of  Harvard  College,  xix,  250. 
Pickering^W.  H.,  distant  points  visible 
from  Mt.  Washington,  xiv,  331. 

moving  snow-mass  of  Tuckerman 
Ravine,  xx,  329. 
Pictety  thermal  properties  of  liquids,  xi, 
321. 
liquefaction  of  oxygen  xv,  137. 
solid  hydrogen,  liquid  oxygen,  xv, 
214. 
Pictet^  i?,  seeds  endure  extreme  cold, 

xix,  328. 
Pierre^   crystallized  hydrate  of  hydro- 
chloric acid,  xi,  318. 

alcohol  from  the  leaves  of  the  sugar 
beet,  xiii,  218. 
Pigeon  with  brain  removed,  xv,  321. 
Pinner^  new  hydrocarbon,  xi,  54. 
on  a  hexyl  chloral,  xiv.  310. 
conversion  of  nitriles  into  amides, 
XV,  307. 
Pisa,  Tuscan  Society  of  Science,  xi,  79. 
Planet,   intra-mercurial,   xii,  472,   xvii, 
414;    Swift,  xvi,   313;    Wotoew,   xvi, 
230,  310. 
Planet,  trans-neptunian,  search  for,  Todd, 

XX,  225. 
Planetoids,  diameters  of,  xix,  250. 

discoveries  of,  xi,  159 ;  Peters^  xi, 
317,  xii,  210,  xiii,   242,  xiv,  429,  xv, 

208,  xvi  129,  379,  xviii,  128,  389.  xx, 
421 ;    Watsm,  xiv,  325. 

index  of,  xviii,  491. 
observations   on,   Peters^  xii,   291, 
xiii,  112,  xvi,  329,  xvii,  393,  xviii,  54, 

209,  428,   xix,    130,  317;    Pickering, 
xix,  250. 

tables  of,  xi,  75,  501,  xiii,  397,  xviii, 
488. 
Plants,  see  BoTAmr. 
Platinic  sulphide,  oxidized,  xiii,  301. 
Platinum,  decomposition  of  water  by,  xi, 
318. 
density  of,  xi,  142. 
palladium,  etc,  in  silver  coins,  xi, 
486. 

rays  emitted  by  glowing,  Nichols, 
xviii,  446. 

stills,  corrosion,  xi,  216. 
sulphides  of,  xv,  52. 
thermo-electric  power  of  in  vacuo. 
Young,  xx,  358. 
volatility  of  in  chlorine,  xix,  65. 
Platoiodnitrites,  xiv,  149. 
Piatt,  F.,  Coke  Manufacture,  xiv,  69. 
Piatt,  F.  and  W.  G.,  GeoL  Rep.  Penn., 
xiv,  69. 

bituminous  coal  of  western  Penn- 
sylvania, XV,  315. 
Pliocene,  see  Geology. 
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Polaris   Expedition,   Narrative  of,   xiv, 

245,  xix,  251. 
Polarization,  atmospheric,  xix,  406. 
currents,  xii,  296. 
of  the  rainbow,  xiii,  465. 
rotation  of  plane  of,  xiv,  417,  xix, 
71,  XX,  240. 
Polyiodides,  xvi,  136. 
Polymicroscope,  xvi,  83. 
Ponsffilion,  xvi,  137. 
FooUj  H.  W.^  just  intonation  in  music, 

TV,  359. 
Porter,  J.  W.,  Oldhamia  in  Wise.,  xii,  226. 
Potassium  and  ethjl  succinate,  xi,  129. 
separation  from  sodium,  xiv,  418. 
triiodide.  Johnson,  xiii,  463. 
Potter,  W.  B.,  Archeology  of  Missouri. 

XX,  435. 
Poughkeepsie  Soc.  Nat.  Sci.,  Proc.,  xii, 

163. 
Povssin,  plutonic  rocks  of  Belgium,  xiii, 

234. 
Powell,  J.  W.,  orographic  structure,  xii, 
414. 

Greolog^  of  Uinta  Mts.,  xiL  305. 
Geological  Reports,  xiv,  321,  431, 
XV,  218,  407,  XX,  63. 

survey  of  Rocky  Mt.  region,  xv,  342, 
449. 

Report  on  the  Arid  Region,  xvi,  489. 
Powers,  S.,  Tribes  of  California,  xv,  407. 
Prescott,  Qualitative  Chemistry,  xix,  147. 
Prescott,  G.  B.,  Electricity  and  the  Elec- 
tric Telegraph,  xiii,  467. 

Speaking  Telephone,  etc.,  xvi,  163. 
Pressure,  influence  of  on  chemical  action, 
xiv,  64,  xvii.  166. 

on  combustion,  xiii,  220. 
Pressures,  high,   measurement  of,   xiii, 

303. 
Preston,  S.  T.,  crystallization,  xix,  485. 
Prestwich,  rocks  under  London,   xviii, 

151. 
Prime,  F.,  Jr.,  Lower  Silurian  fossils  in 
crystalline  rocks,  xv,  261. 

brown  hematite  deposits  of  Lehigh 
county,  Penn.,  xvii,  330. 
Geological  Rep.,  not,  xi,  62. 
Catalogue  of  Geol.  Reports,  xix,  74, 
XX,  460. 
Pringsheim,  germination  of  mosses,  xiv, 

71. 
Prior,  R.  C.  A.,  Popular  names  of  British 

Plants,  xix,  421. 
Pritchett,  H.  S.,  ephemeris  of  satellites 

of  Mars,  xviii,  418. 
Proctor,  R.  A.,  Our  Place  among  Infini- 
ties, xi,  241. 
Pseudophone,  the,  xix,  146. 
Pulsifer,    W.  K,  thickness  of  Young's 
reversing  layer,  xvii,  303. 


Pumpelly,  R.,  eruptive  copper-bearing 

rocks  of  Lake  Superior,  xvi,  143. 
secular    rock  -  disintegration,   xrii, 

133. 
King's  Systematic  Geology  of  the 

40th  Parallel,  xvii,  296. 
Pumell,  S.,  ionite,  a  new  mineral,  xti, 

153. 
Purpureo-chromium  salts,  xvii,  63. 
Putnam,  F.  W.,  Arehsologicfd  Report, 

xii,  243. 
Pyrheliometer,  new,  xi,  220. 


Quartz,  separation  of  from  silicateB,  zr, 
305. 

Quebec,  minerals  from,  xviii,  412. 

Queen  Charlotte  Is.,  fossils  of,  xiii,  157. 

Quercite  a  pentacid  alcohol,  xv,  307. 

Quincke,  is  glass  impervious  to  gasei  ? 
xiii,  464. 

changes  of   volume  produced  bj 
electricity,  xx,  328. 

Quinine,  polarization  obaervations,  Dra- 
per, xi,  42. 


Radiant  matter,  Orookes,  xviii  241. 
Radiometer,  xi,  404,  xii,  405,  xiii,  466, 
xiv,  231,  xvii,  481. 
effect  of  sound  on,  xii,  389. 
Rctdziszewski,  phosphorescence  of  oi^ganic 

liquids,  xiii,  374. 
Raiu  areas.  Loomis,  xii,  10,  xiv,  1. 
fall  of  New  Jersey,  xiii,  231. 
of  the  interior  of  North  America, 
XV,  250. 

of  Nova  Scotia,  xii,  1 3. 
Rainbow,  polarization  of,  xiii,  465. 
Rammel^berg,  C.  F.,  samarskite,  xv,  220. 
lepidohte,  xvii,  333. 
Mineral-Chemie,  xi,  413. 
Ramsay.    A.   C,  geology  of  Gibraltar, 
xviii,  149. 

uniformitarianism,  xx,  339. 
RaXk,  v.,  seobachite  is  phacolite,  xi  152. 
syenitic  mts.  of  Ditro,  xiii,  159. 
Mineralogische   Mittheilungen,  zir, 
424.  XV,  482. 
RaXhbwfi,  R.,  echinoid  fauna  of  BraiiL 
XV,  82. 

coral  reefs  of  Brazil,  xvii,  326. 
geology  of  lower  Amazonas,  xrii, 
464. 

diamantiferous    region    of  Brazil 
xviii  310. 
age  of  Brazilian  gneiss,  xix,  324. 
Eozoon  from  Brazil,  xix,  325. 
Rattan,  V.,   Popular  O&lifomia  Flora, 
xvii,  413. 
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Rntzd,  F,,  Physical  Qeography  of  llDited 
States,  xvi,  162. 

Rail,  E.  L.,  Catalogue  of  Musd,  xx,  167. 

RaTonel,  H.W.,  N.  Amer.  Fungi,  xvii,  71. 

Bayleigh.  acoustic  repulsion,  xvi,  481. 

Raymond,  R.  W.,  Report  on  Mines,  xi, 
504. 

Readt,  T.  JT.,  Chemical  Denudation  in 
relation  to  Geological  Time,  xii,  462, 
xiii,  314,  xvili,  496. 

Reeves,  W.  J.,  History  of  the  Smithso- 
nian Institution,  xyili,  240. 

Refraction,  law  of,  xii,  56. 

temperature  and  index  of,  xi,  406. 

Refractiye  power  and  chemical  constitu- 
tion, xix,  66. 

Rehs.  phenanthrol,  xiv,  414. 

ReinscK,  Mucorini  as  the  sourceT  of  min- 
eral coal,  XX,  150. 

Remsen^  /.,  action  of  potassium  on  ethyl 
succinate,  xi,  129. 

ozone  on  carbon  monoxide,  xi  136. 
phosphorus  oxychloride,  xi.  365. 

Renard,  A.,  structure  and  composition 
of  whetstone,  xviii,  412. 

Renault,  B.,  on  Botryopteris,  xi,  238. 

Renevier,  section  of  the  Alps,  xvi,  150. 
native  gelatinous  silicate,  xviii,  72. 
on  the  Swiss  Alps,  xx,  334. 

Reptiles,  see  Zooloot  and  Oeoloot. 

Resins,  distillation  of,  xv,  388. 

Retina,  a  property  of,  Rood,  xiii,  32. 
fluorescence  of,  xv,  55. 

Reversing  layer,  see  Sun. 

Revue  Mycologique,  xvii,  412. 

Reynier^  a  new  electric  lamp,  xvi,  386. 

Reynolds  J  J.  Kj  '*  drag"  of  water  upon 
water,  xx,  423. 
tf  Rhodein,  a  new  test  for  aniline,  xiii,  2  f 9. 

RihcHt,  the  sulphides  of  platinum,  xv,  52. 
transformation  of  starch  into  dex- 
trose in  the  cold,  xvii,  404. 

Rice,  W.  Kj  animal  of  MiUepora  alcicor- 
nis,  xvi,  180. 

Richards,  B,  S.,  antimony  tannate,  xvi, 
196,  361. 

Richards^  E.  W.,  estimation  of  nickel  in 
pyrrhotites  and  mattes,  xiv,  178. 

Richardson,  R.,  Ice  Age,  xii,  65. 

Riche,  electrolytic  methods  of  determin- 
ing metals,  xvi,  320. 

Richthofen,  F.  F.  v.,  China,  xiv,  487. 

Ricketts,  Notes  on  Assaying,  xiii,  87, 
xix,  147. 

Ridgway,  R,,  Ornithology  (40th  par.), 
XV,  316. 

Ridout,  R.  H.,  sensitive  flames,  xiii,  219. 

Riley,  C.  V.,  Insects  of  Missouri,  xiv,  73. 
The  Cotton  Worm,  xix,  248. 

Rio  de  Janeiro,  Archivos  do  Museu,  xii, 
239. 


River  channels,  buried,  in  Penu.,  xvi,  142. 
amount  of  discharge  of  Connecticut, 
and  borings  in  valley,  xvi,  407. 
Rivers,  detritus  ot  xii,  462,  xiii,  314, 
xviii,  496. 

see  further  under  Geoloot. 
Rivista  Botanica,  1878,  xviii,  317. 
Robinson,  J.,  Ferns  in  their  Homes  and 

ours,  xvi,  156. 
Rock-crystal,  proposed  uses  of,  xiii,  216. 
Rocks,  effect  of  moisture  on  facility  of 
crusbiug,  xvi,  151. 
see  further  under  Geoloot. 
Rockwood,  C.  G.J  Jr.^  recent  American 
earthquakes,  xii,  25,  xv,  21,  xvii,  158, 
xix,  ^95. 

earthquake  of   Nov.  15,  1877,  xv, 
238. 
Japanese  earthquakes,  xvi,  80. 
earthquake  of  Nov.  18,  1878,  xvii, 
260. 

notes  on  volcanoes,  xviii,  159,  228, 
308,  xix,  426. 

notes  on  earthquakes,   xviii,  308, 
xix,  162,  334,  426,  496,  xx,  159. 
tides  of  the  Furipus,  xix,  1 63. 
Vesuvius,  xix,  334. 
Rocky  Mts.,  notes  on,  Sooker,  xiv,  505. 
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Heport  on  bridging  of  the  Missis- 
sippi, xvi,  407. 
survey  of  Connecticut  Riv.,  xvi,  407. 
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Warren,  G.  JT.,  valley  of  the  Minnesota 

and  Mississippi,  zvi,  417. 

explorations  in  Nebraska,  etc.,  no- 
ticed, xi,  79. 
Warren.   S.   E.,   Descriptive  Geometry, 

xiv,  431. 
Warring y  G.  B.,  growth- rings  as  proof 

of  alternating  seasons,  xiv,  394. 
Wartha,  M.,  influence  of  pressure  on 

combustion,  xiii,  220.  , 

Washington   Territory,  fossil  elephant 

in,  xiii,  157,  xviii,  79. 
Water,  drag  of  upon  water,  xx,  423. 

films  of,  xiii,  151. 
Waters,  nitrogen  in  potable,  xii,  292. 
Waterton,  C,  "Wanderings,"  xvii,  341. 
Watson,  J.  C,  new  planets,  xiv,  325. 
discovery  of    an    intra  •  mercurial 

planet,  xvi,  230,  310. 
Wataon,  S.,  poplars  of  N.  America,  xv, 

135. 
botanical  papers,  noticed,  xi,  325. 
Index  to  N.  American  Botany,  xv, 

400. 
American  botany,  xviii,  313. 
Wave-length  comparison,  Peiroe,  xviii, 

51. 
changes  of  by  movement  of  source 

of  light,  XX,  430. 
Waves  in  elastic  tubes,  xi,  145. 
on  Lake  Geneva,  xii,  216. 
on  mercury,  xi.  56. 
stationary  liquid,  xi,  144. 
Weather  maps,  results  from  examination 

of,  Loomis,  xi,  I,  xii,  1,  xiii,  1,  xiv,  1, 

XV,  1,  xvi,  1,  xvii,  1,  xviii,  1,  xix,  89, 

XX,  1. 
service,  volunteer,  xv,  239. 
Weber,  H.  F.,  electro-magnetic  and  calor- 

imetric  measurements,  xv,  215,  308. 
Weber,   R.,  compound   of  sulphur   and 

oxygen,  xi,  319. 
Weisbach's  Mechanics,  xv,  78,  xvi,  408. 
Weselsky.  hydroquinone,  xiii,  57. 
West  Indies,  botanical  exploration  of, 

XX,  158. 
West  Virginia,  conglomerate  series  of. 

xi.  276,  374. 

surface  geology  of,  xv,  245. 
Weiherby,  A.  C,  new  species  of  crinoids, 

xix,  328. 
Weyb,  carbonyl  haemoglobin,  xx,  429. 
Weyrauch,  J.  J.,  Structures  of  Iron  and 

Steel  xiii,  403. 
Wheeler,  G.  M.,  Geological  Reports,  xi, 

244,  412,  xii,  61,  xiii,  85,  468,  xv,  55, 

xvi,  161,  xviii,  154. 
Whetstone,  composition  of,  xviii,  412. 
Whitaker,  W.,  Geological   Record,   xi, 

411,  xiv,  423,  xvii,  332,  xx.  334. 
White,  C.  A.,  F.  B.  Meek,  xiU,  169. 


White,  C.  A.,  reestablishmeDt  of  forest! 
in  Iowa,  xvi,  328. 
Jura-Trias  of  N.  America,  xvii,  211 
antiquity  of  certain  types  of  nud- 
lusca,  XX,  44,  252. 
paleontolog^cal  notes,  zx,  332 
Invertebrate  Fossils,  Wheeler's  Sur- 
vey, xii,  62,  XV,  55. 

Paleozoic  Fossils,  Illinois  and  Indi- 
ana, XV,  398. 

Cretaceous  Fossils  of  the  Western 
States  and  Territories,  xix,  327. 

Paleontological  Field-work  for  1877, 
xix,  327. 
White,  I.  C,  Geological  Survey  of  Pom. 
sylvania,  xvi,  142. 
Permian  flora  of  Penn.,  xix,  487. 
geology  of  Mercer  Co.,  Penn.,  xx,69. 
Whiteavea,  J.  F.,  Mesozoic  Fossils,  xiii, 
157. 

Jurassic  fossils  in  the  Coast  Range 
of  British  Columbia,  xvi,  71. 

Primordial  fussils  from  Newfoond* 
land,  xvi,  224. 

new  species  of  Pterichthys,  xx,  132. 
Canada    Geological    Reports,  liii, 
157,  xviii,  410. 
Whitfield,  R.  P.,  Maclurea  magna  io  tbe 
Bamegat  limestone,  xviii,  227. 
fossil  crustaceans  from  Ohio,  xix, 33. 
Lingula  in  Trenton  limestone,  xix, 
472. 

Paleozoic  fossils  of  Wisconsin,  zx, 
70. 

Paleontol.  of  Black  Hills,  xiv,  321. 

of  Fortieth  parallel,  xv,  316. 

Whilnq^,  J.  Z>.,  Auriferous  Gravels  of  tbe 

Sierra  Nevada,  xviii,  145,  233,  xx,460. 

Geographical  and  Geological  Sur* 

veys,  noticed,  xi,  67. 

origin  of  forests  and  prairie  regions, 
xiii,  81. 
Wihbe,  a  new  range  for  two  Orchids,  it, 

153. 
Wichethaw,  euxanthon,  xiv,  484- 
Widman,  formation  of  alizarin,  xi,  143. 
Wvehe,  expansion  of  solids,  xv,  472. 
Wiedemann,  specific  heat  of  gases,  zi, 
403. 

friction  of  gases,  xii,  388. 
spectra  of  mixed  gases,  xvii,  2M). 
illumination   of    gases  by  elec&ic 
discharges,  xvii,  407. 
Wilcox  spoutiug  water-well,  xvi,  144. 
Wild,  H.,  nickel  magnet,  xiv,  415. 
Wilder,  B.  G.,  brain  of  sharks  and  skatei, 
xii,  103. 
Packard*s  Zoology,  xx,  76. 
Brain  of  Chimera,  xiv,  325. 
WHey,  H.  W.,  carbons  in  tbe  electric 
lamp,  xviii,  55. 
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WUkmaon^  C.  S.^  Miocene  in  Bouthern  i 

New  Outnea,  xiii,  167. 
WiUiams,  C.  G.,  Chemical  Maoipulatioa, 

xTiii,  70. 
WUUanUf  R  K,  tourmaline  with  envel- 
oped orthodaae,  xi,  273. 
WiUiams,  H.  S.,  Spirifer  l»vi8,  xx,  456. 
Williamson,  J.,  Ferns  of  Kentucky,  xvi, 

155.  '       - 

Willis.  O  JSMmmtfk^eney,  xiy,  498. 
Witta,  AHMPTof  MDurium,  xviii,  479. 
Wilson,  HandlK>okor  Bygiene,  xiy.  334. 
Wilson,  A.  &,  amount  of  sugar  in  necta- 
ries of  flowers,  xvi,  485. 
Wilson,  E,  J?.,  new  genera  of  Pycnogon- 
ida,  XT,  200. 

early  stages  of  some  polychaetous 
Annelides,  xx,  291. 

early  stages  of  Renilla,  xx,  446. 
Pycnogonida  of  New  England,  xvi, 
406. 
WUBon,  P.  J?.,  silica  of  plants,  xi,  373. 

diatoms  in  straw,  xii,  232, 400. 
Winchdi,  A.y  ioe-floes  in  Champlain,  xi, 

225 
WincheUj  K  H.,  the  loess  of  Minnesota, 
xvii,  168. 

Geological  Reports,  xii,  149,  xiv, 
422,  xviii,  483,  xx,  460. 

age  of  Lake  Superior  sandstone,  xx, 
460. 
Winds  of  the  Globe,  Coffin,  xiii,  273. 

violent,  xv,  15.  • 
Wines,  alcoholic  strong^  of,  xiii,  87. 
Wing,  A.,  fossils  in  Eolian  limestone, 

xiii,  332,  405,  xiv,  36. 
Winkdmann,  conductivity  of  gases,  xi, 

320. 

Wisconsin,  crystalline  rocks  of,  xiii,  307. 

driftless  region  of,  xv,  62,  313,  406. 

fossils  of  lead  region,  AUen,  xi,  47. 

Geological  Keports,  xi,  233,  xii,  71, 

xiii,  230,  XV,  61,  216,  xvii,  410,  xix, 

488,  XX,  70. 

Huroniaii  of  northern,  xvii,  393. 
Oldhamia  in,  xii,  226. 
Paleozoic  fossils  of,  xv,  216,  xx,  70. 
WisoonsiD  River  sand  bars,  xiii,  154. 
transportation  route  in,  xiii,  152. 
Wisner,  «/,  influence  of  light  and  heat 

on  transpiration  in  plants,  xv,  73. 
WitthauB,  R.  A.,  Essentials  of  Chemis- 
try, xvii,  84. 
Wittrock,  V.  B.,  Pithophoraoeee,  xiv,  71. 

Mesocarpea!,  xv,  402. 
Woeikof,  A.,  temperature  of  air  at  the 

equator,  xix,  232. 
WohUr,  palladium  in  alcohol  flame,  xiii, 

148. 
Wollny,   E.,    Journal    of    Agricultural 
Physics,  xvii,  262. 


Wood,  composition  of,  xviii,  67. 

spirit,  detection  of  alcohol  in,  xiii, 
218. 
tar.  triacid  phenols  of,  xv,  388. 
Worthen,  A.  H.,  Geological  Reports,  xi, 

68,  231,  xii,  227. 
Wreden,  naphthalene,  xii,  138. 
Wright,  alkaloids  of  aconites,  xvi,  383, 
xviii,  2-'l. 

chemical  aflQnity  in  terms  of  electro- 
motive force,  xix,  486. 
Wright^  A.  W.,  gases  in  meteorites,  xi, 
253,  xii,  165. 

physical  notices,  xii,  240,  xiv,  247, 
419. 

electrical  deposition  of  metuls,  xiii, 
49.  xiv,  169. 
Wright,  C.  R,  A.,  chemical  dynamics, 

XV,  308. 
Wright,  E.  P.,  botanical  publications  of, 

XV,  156. 
Wright,  O.  R,  gravel  ridges  in  the  Mer- 
rimack valley,  xiv,  239. 
Wroblewsky,  benzene   derivatives,   xii, 
387. 

structure-formulas  of  aromatic  com- 
pounds, xvii,  405. 
WaUner,  spectrum  of  the  electric  spark, 

XV,  148. 
Wuriz,  A,,  the  Faraday  lecture,  xvii,  323. 

Modem  Chemistry,  xviii,  226. 
Wurtz,  H..  porcelain  and  porcelain  rocks 

of  Japan,  xiii,  320,  389. 
Wynne,  Indian  Geology,  xii,  462. 


Xanthin-like  bodies  in  digestion,  xv,476. 


Yamall,  M.,  Catalogue  of  Stars,  xvii,  495. 
Yarrow,  H.  C.,  Burial  Customs  of  North 

American  Indians,  xiv,  431. 
Yellowstone  Park,  xiii,  228,  229. 

fossil  forests  of,  xvii,  409. 
Yellowstone  River,  Expedition,  xi,  79. 
Young,  C.  A.,  duplicity  of  the  1474  line 
in  the  solar  spectrum,  xi,  429. 

displacement  of  lines  in  solar  spec- 
trum, xii,  321. 
eclipse  of  July,  1878,  xvi,  242,  279. 
spectrum  of  Brorsen*s  comet,  xvii, 
373. 
diameters  of  Mars,  xix,  206. 
color  correction  of  achromatic  ob- 
ject glasses,  xix,  454. 

Edison^s  dynamometer,  etc.,  xix,475. 
spectroscopic  notes,  xx,  353,  435. 
thermo-electric  power  of  iron  and 
platinum,  xx,  358. 
Ytterbia,  xvii,  478. 
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Zoology— 

Norway,  littoral  fauna  of,  xvii,  268. 
Organisms  in  infusions,  ziii,  477,  480. 
Oyster,  embryology  of]p  BnMks,  zviii, 

425. 
Parazonia,  Marshy  zvii,  603. 
Pigs,  solid-hoofed,  zv.  217. 
Pycnogonida,  new.  Wilaon^  zy,  200. 

of  New  Kngland.  zvi,  406. 
Renilla,  early  stages  of,  zz,  446. 
Rhizopods  of  North  America,  ziz,  240. 

observations  on,  ziii,  239. 
Rhynconella,  eztension  of  the  coiled 

arms  in,  Morae^  zvii,  257. 
Segmentation,  rythmical  character  of, 

zz,  293. 
Species,  eztirpation  of,  zii,  473. 

genesis  of,  ziv,  161. 
Spider,  distribution  of  by  trade  winds. 

zvi,  83. 


Zoology— 

Sponge,  boring  in  marble.  VerriU,  ivi, 

406. 
Starfishes  of  N.  England,  Verrill  li. 

416. 
Teeth,  morphology  of  human,  ziv,  32."). 
Vertebrate  life  in  America,  Marshy  xiv. 
337. 

limbs,  ziii,  323.  zvi,  160,  zii,  170. 
Vision,  development  of  organH  oif,  ii. 

342. 
See  further  under  Geology. 
Zom,  hvponitrous  acid,  zviii,  398. 
ZuUcowsky,  nitrogen-measuring  tube.  xii. 
452. 

formation   of    rosolic  aciil  frofti 
cresoland  phenol,  ziv,  41'!. 

constituents  of  corallin,  xv,  ;ibf<, 
zvi,  480. 


Addkkdum. 
Gould,  B.  A.,  Uranometria  Argentina  of,  noticed,  ziz,  386. 
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